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FOREWORD 

by THE RIGHT HON. HERBERT MORRISON, M.P. 

Home Secretary and Minister of Home Security 

O NE of the aspects of the National Fire Service to wliich I 
attach the greatest importance is the opportunity which it 
offers for a more equal standard of training for alJ, irrespective f)f the 
size of town or village in wliich the\^ serve. This training is being 
given through the medium of the National Fire Service College at 
Brighton and of Training Schools set up in all jiarts of the country. 
No amount of training can replace practical experience, but a sound 
background of theoretical knowledge is essential to the fireman 
whatever his rank if lie is to carry out liis duties intelligently and 
make the best possible use of his equipment. 

The formation of the National Fire Service resulted from the need 
to adapt our organisation and our methods to meet the problems 
set by the intensive incendiary air attacks on our cities. We cannot 
meet and defeat this menace any more than we can meet and deal 
efficiently with jieace-time lires unlriss every member of the Service 
is highly trained and plays a full jiart in the organisation. 

Much of the necessary knovcledge can only be obtainecl by drill, 
by exercises and by oral instruction, but the written word will 
always jda}^ a fundamental part in the fireman’s education. To 
ensure that the knowledge wliich Inis been acquired over the past 
years is made available to all. this Manual of Fimnamhip is pub¬ 
lished. It is issued in parts, for the need is great and time is short. 
The Manual will have an imjxjrtant place in the Service, for it will 
assist the recruit and will also be indispensable to those studying for 
promotion. Men and Women of the National Fire Service, I 
commend it to you. 


Ill 



INTRODUCTION 

by COMMANDER A. N. G. FIREBRACE, C.B.E., R.N.(Rtd.) 

Chief of the Fire Staff and Inspector-in-Chief 

T HIS Manual is one of the first fruits of the creation of the 
Naticjnal Fire Service, which alone has made it possible. 
Firemen have always been handicapped by the fact that so few 
attempts have been made to present in a convenient form the 
teclinicaj information needed for firefighting. As a consequence, they 
have had to depend too much on fire " lore ” wliich has been handed 
clown by word of mouth from generation to generation. The necessity 
for a real)}' comprehensive textbook on firemanship, to which all 
rank.s can turn for information, can hardly be over-estimated. 

11 is not contended that a fireman can be made by studying a book 
—a fii ciiian can only t)c made by riding to fires year in and year out 
—but tlie young fireman who has a sound theoretical background 
gained from study will profit far more from experience at fires than 
his Jess knowledgeable colleague. He will be better able to under¬ 
stand what he sees, and why it happens, and will find occasions when 
lie can put to practical use the knowledge he has acquired from study: 

Strength ,'uid courage will always remain vital attributes of fire¬ 
men, of all ranks, but if an officer is to have the respect of those he 
leads he must also jxissess a sound technical knowledge of his 
profession. 

Aj)art from its place as the standard reference book for the Fire 
Si rvice, tlie Manual will prove of inestimable value to the National 
I'ire Service College and to the many Training Schools now perform¬ 
ing such useful work ihroiiglumt the country. It is not intended to 
di« tlie lecturer's work for him—but it will enable him to do his work 
belter, to cover more ground in liis allotted period and to progress 
to a higher standard. 

The Service has always tliirsted for technical knowledge and has 
read with avidity anything that is published on the technical side 
of the profession. Students of firefighting, both men and women, 
whole-time and part-time, will now have an authoritative source of 
Infonnatioii on wliich they will be able to draw, to their own advan¬ 
tage and the nation's benefit. 



PREFACE BY THE EDITOR 


A PRELIMINARY review of the work involved in the prepara¬ 
tion of this Manual showed that tlie task was one of consider¬ 
able magnitude. Nothing on this scale had previously been 
attempted for the Fire Service, and it was clear that to prepare the 
information, edit the text and arrange for the necessary illustrations 
would take some considerable time. 

As the Home Secretary, Mr. Herbert Morrison, has said in the 
Foreword, time is short. The information is urgently required by 
the Service and to hold up publication until the whole work was 
completed would have been out of the questirm. It was therefore 
decided, in order to make the Manual available with the minimum 
of delay, to divide the contents into seven parts. Each has been 
planned so that it is as self-contained as jx)ssible and will be published 
as soon as it is completed. Tliis is Part I. 

The contents have been arranged in their natural order, that is, 
the fundamental principles which underlie firefighting are firsC dealt 
with, followed by a description of the equipment employed. From 
this vail be developed the correct and intelligent employment of this 
equipment and the organisation necessary to make the best use of 
the resources available. 

The arrangement of tlie Manual in parts, although essential from 
the point of view of immediate publication, necessitates occasional 
cross-reference to sections which are yet to come. This is unavoid¬ 
able, since, in whatever order the information is presented, the book 
cannot be compreliensive until the whole has appeared. The reader 
must therefore exercise restraint if from time to time he finds a 
reference to material which is not yet available to him. 

The Manual has been written as a guide to the modern principles 
of firefighting and to tJie equipment available. It is not intended to 
present details of opcratitaial procedure in the National iMre Service, 
instructions on which arc issued elsewhere. Nevertheless, in order 
to make the information given in the Manual as complete as possible, 
certain current operational instructions sucli as standard tests have 
been included. It should be made clear that in every case where 
standard tests are referred to, they are those in force at the time 
of publication and may subsequently be changed. For guidance on 
operational instructions which are liable to modification in the light 
of experience and of new developments in equijjment, etc., the service 
reader is referred to the current orders issued within the Service. 
Information given in tJie Manual does not, of course, override such 
instructions. 

Necessity for economy in the use of paper makes it impossible to 
issue a separate index with each part, but it is hoped that a compre¬ 
hensive index and glossary wall be included as a final section. 
To assist the reader in finding his way about the Manual pending 
the completion of this index, a synopsis of the proposed contents of 
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each chapter in the wIidJc work has been included at the beginning 
of tin's part. This synopsis should, however, l)e treated only as a 
pr(ivisional guide to the propt^sed contents, since the preparation 
of the latest chapters is still in its early stages ami some modilication 
of the proposed contents may later be found necessary. 

It should perhaps be made clear that the text has been very 
carefully edited to exclude any material which might possibly assist 
the enemy. As a result, details of certain specialised subjects have 
been restricted to a somewhat more general basis than would 
otlieruise have been the case. 

Correspondence from readers of the Manual of Firemanship, 
wljether or not members of the National Fire Service, drawing 
attention to inari iiracie.s or omissions in the text is invdted. Letters 
.should 1>C‘ addrc.s.sed direct to : The Fire Staff Oiheer (Publications), 
Ifrane Othce (Fire Service Department), Horseferry llouse, London, 
S.W.I. 

No preface would Vjc comjdete w'iihoiit a grateful acknowledgment 
of the ready a;,sistance which has been received in the jireparation 
of both text and illustrations. It would be impossible, to name all 
who have crjiUriljiiled materially to its accuracy and to ensuring 
the compreliensivene.ss of the Maiiual. To the |)ersoimel within the 
Service, to the memljer.s f)f other Departments and of outside 
niit.horilics, and to the many firms of Fire Service eriuipmeiit 
manufacturers who have provided information and checked the 
various sectirns for acruracy the Home Office (Fire Service 
Deparlnienl) extends its grateful thanks. 


V. J. W. 
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apparatus ; systems of sprinkler protection—^w'et pipe, dry pipe. 
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entering; hovi'to enter—doors, wimlow.s, from roofs, ete ; dauet'rs 
on entry : wtirking in smoke ; .saving life ; searching rooms ; 
smoke—how it travehs ; loi aling the tire ; r)b>tiactions to 
approach ; getting to scat of fire ; sizing up ; what is there to 
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bum ; what exting-uishini^ medium to use ; can the fire f.ravr;!; 
attack; use of inside equipment; use of Fire Service equipment; 
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; panic ; el’icids of sliuc.k and carbon monnyule u ijriiniiig ; 
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e.\ie:!‘>u,in hnlder, hunk laddir, turiilalde ladder, biulging Imni 
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jiirnpiu'.: .sle.'id. ; otiier rcsc.in? devices ; rest ne rd’ anjiii.ils ; ^ jn t ial 
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lii Ill'll! Standard markic-g ‘f (ylinder'. ; iirc^ in coal storages; 
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PART I CHAPTER I 

THE PHYSICS AND CHEMISTRY 
OF COMBUSTION 

I N order to understand the phenomena of fire and fire extinction, 
some knowledge of physical and chemical principles is desirable, 
viz., the properties of matter, and in particular the phenomena 
associated with the heating and cooling of materials of construction. 

I. PHYSICAL PROPERTIES 

The most familiar properties are those concerning size and 
weight. In this country size is normally measured ir feet and 
inches, but it may also be measured in metrii: unit.s. Tiie metre 
(which is 100 centimetres) equals o9-.'>7 ins. Thus 1 in. equals 
cms., and 1 ft. about 30-5 ems. A kilometre iwliich is TOGO 
metres) is equal to about | of a mile. 

W'eight is normally measured in lbs. and ounces, but may also be 
measured in metric units. The kilogram (which is l,0(Ki grams) 
equals 2'201 lbs., su that 1 lb. wiMghs loM gnims, and I oz. weiglis 28-3 
grams. The kilogram of water provides a unit of \')lume on the 
metric system ; this is the litre (1,000 cu. ems ), a volume equal to 
about If pints. A gallon of water therefore equals Ti litres ; its 
weigh! is 10 lbs. 

I'ur more detailed relationships reference should be made to sets 
of tables. 

(o) Density and Specific Gravity. The diffiuenrc in heavinc.ss i.s 
one of the most noticeable properties of inaten;jls. A diild ran 
recognise the sort of difference wliich enables wotid to float and 
stone to sink in water—a difference which can lie expressed in 
numbers as density or sjicciftc gravily. 

Density may be expressed as tlie weight in lbs. i>f one ciiliir: foot 
of a substance, e.g., tlie density of water is 02-4 Jlis. per cu. ft. In 
metric units the density of water is 1 gram jver cu. cm., ami of 
mercury is 13-li grams jier cu. cm. The term “ bulk density " in 
lbs. per cu. ft. is a figure of practical iinjuirtaiice in slriragc and 
transport as a guide to the space occupied by an irregular solid. 

Specific gravity is tlie ratio of the density of a sulistaiice to the 
density of water which is usually taken as a standard. The sj»ecific 
gravity of water is 1, and of mercury 13-6. 

Thus there are two method.s in use for expressing " heavinc.ss in 
numbers. It should be noted, liowever, that it is common to 
express the specific gravity’ of gases in terms of air, e.g., to say tliat 
tlie specific gravity of carbon dioxide is the ratio of the densities of 
COj and air, which equals 1 -46. Coal gas as u.sually distributed has 
a specific gravity^ of alxmt 0-5. 

Density in general life is a property of far-reaching importance, 
and to the fireman the densities of fluids, t.e., liquids and gases— 
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am. of j):Lrtif;ulrLr interest. This is because fluids within the limits 
set by containers are free to move under the influence of gravity 
and as determined by density. 

Thus, if water is poured into two tanks, (a) and (6) (Fig. 1), con¬ 
nected by a jjii)e at the base, the liquid will assume the same level 
in eaidi ber ausc the contents of each have the same density. If, 
however, the water in one. say (6), is replaced by petrol, the level of 
the latter will be hi{.dici becaase petrol has a density of about 0-75 
while tliat of water i.s 1. Moreover, if water is added to tank (a) 

the water will raise the i)etroJ in (6) 
and eventually displace it entirely 
from the tank. The fact that petrol 
and other combustible liquids float 
thus on water is a well-known property 
of liquids which can never be over¬ 
looked in firemanship, for it increases 
the difficulty of fire-fighting and pro¬ 
motes the spread of a conflagration 
where liquids are involved. 

The influence of difference in density 
is even more important in connection 
with gases. Gases differ in density, 
and llu* cnnseqiicnres liave a certain parallelism with the behaviour 
i»l and water in tanks, which is exemplified by a chimney full 

id liid f)nidncts nf combustion. 

ri)c chimney may be regarded as a tank full of light, hot gas 
( Diinnmiiraiing at the base with another tank full of a cold gas 
(I In- siiiTruiiuJing outside air). Considering the gases occupying the 
sa:ni: lieiglit- -1 lie height of the chimney—we have, therefore, two 
V()liiini‘s of Ihiid of equal height but of different weigJit, and, ihcre- 
fure, nil I ia lanced. In order to restore balance, cold air from outside 
Hows inlu the l)a^e of the chimney and displaces hot gas in the 
chimney. This would ciMitinue until the chimney is full of cold air. 
In i)raetiee the prfieess is maintained continuously by a lire at the 
base of the chimney which replaces the hot chimney gas which is 
driven from the chiinney top. 

If, howe\'er, liie ouillow of hot gas from the top of the chimney 
i.s prevented by means of a cover or damper, it will be found that a 
I>iessiire has developed at the top of the cJiimney. The weight of 
the cnluma of lighter hot gas in the chimney is insuflicient to balance 
the weiglit of the heavier cold outside air. This unbalanced condi¬ 
tion is respon>il)le lor a force whicli is ex[x:ndcd in driving gas from 
the to]i of an open eliiiniiey. When the top is closed the force is 
found in the lonn of an equivalent pressure which can be calculated 
if the densities ot the gases are known. 

The density of air at normal temperatures is 0-074 lb. per cu. ft. 
.\l b. the density at the same pressure would be about halved— 
(i-OdT lb., so tliat the difi'ercnce in weight of 1 ft. cubes of the two 
g ases would be U-0.‘i7 lb. Lunsider a cdiimney of cro.s.s-section equal to 

1 ft. and height 50 ft., filled with hot gas at 572'’ F. and density 
o u;iT lb. j)er cu. ft. There will be an unbalanced weight from the 
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cold outside air equal to 50 x 0-037 = 1-S5 lb. ojx*ratin;:; on 1 sq. it. 
of area at tlie top of the chimney if closed. If the chirnne>' toj) is 
ojxined this force is used to drive the hot gas from the chimnev. 
In a burning building similar conditions are develojied. Inside, the 
air is heated, becomes lighter, rises, and escapes tlirough any open¬ 
ings which may be available. If ways of csca})e do not exist, a 
pressure will be developed on the walls of the iip]>cr parts of the 
structure. It is easy to see that the opening of a door or window 
may release this pressure and in doing so allow an cutrush of hot 
g:is or flames which ma^^ involve any person acting iriLMutiouslv. 
The effect of making such an oj^ening is to convert the building into 
an open chimney, the hot gases escaping abtive being ri'idaced 
cold fresh air from below, which serves to intensify the lire. 

Differences in density may operate in a similar way wluaiever 
gases come together. Light gases such as coal gas (specilic gravity 
= 0-5 compared witli air) wall rise to a ceiling and i nlv slowly 
interdiffiise in the air afterwards. Heavy ga>es such as carbfm 
dioxide (specitic gravity 1-46) and petrol vapours will acciiiniilale 
in low' places such as w'ells and cellars, so creating dangers of phyxia 
and fire or explosion. 

(b) The States of Matter. Matter may be fouiifl in three .states, 
solid, liquid and gaseous, allhougli some siri)staiu:es may be 
incapalde of existence in all three. Waiter exists in idl tliree states 
as ice, liquid w’ater and steam. Although the chemical coin].>o.^ii ion 
of all three is the .same, i.e., molecules comprisetl ol two atoms of 
hydrogen and one of oxygen (^ee later), they look and behave unlike. 
This is due to tlie diflerences in energy content of the material, the 
energy being recognisable as heat. Energy may lake various 
interchangeable forms—heat, electricity, light, mcMhanical energy, 
and even energy of position. If heat energy is taken from waiter 
by cooling, the molecules of w'ater, which are capalde of consiflerable 
mobility, become sluggish and, at a certain temperature, Itrse the 
freedom of movement tltey have as a licpiid, anil the water freezes to 
a solid—ice. 'I'o thaw this ice to water reejuires the siijiply of a 
quantity of energy which is measurable as heat. J his is called the 
latent lieat of fusion of whaler and crpials 8U calories per gram, nr 
144 Britisli Thermal Units (usually abbreviated to h.'lh.U.) i»er lb. 
(see later, under (c) Heat and Temperature for an exjjlaiiation of 
these units). 

If more energy is put into the w^ater, changes take place which 
are immediately perceptible. The w'ater becomes hotter, and 
" thinner," or le.ss viscous—due to the increased mobility of the 
molecules. It will sw-ell or increase in volume, but this is also true 
of solids. Some of the more highly energi.sed rntjlecules at tlie surface 
will actually e.scdi)e into the s])ace above the surface as vapour. 
This evaporation becomes more pronounced as more energy is added 
to the liquid. Eventually a point is reached at which tlie liquid 
material becomes wholly dispersed in a new form, which is known 
as the gaseous state. 

When this takes place the material is said to boil, and the tem¬ 
perature at which it occurs is called the boiling point. To cause a 
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liquid to boil requires an almost complete loosening of the bonds 
jinking tljc molecules together and a correspondingly large addition 
of energy. Tlie necessary energy—the latent heat of evaporation— 
amounts to 510 calories per gram of water at the normal boiling 
point or 1373 B.Th.U. per lb. 

It should be noted that the latent heat of vaporisation of water 
is much larger —nearly seven times greater—than the latent heat of 
fusion. This can Ijc understood when it is considered that the 
dispersal of a mass of water into a large volume of steam is a much 
more drastic process than tlie loo.sening of the molecules of water 
from the solid state a.s ice to water where no large expansion is 
j)ruflufu*d. After crjrnj)lete conversion of water to steam any further 
addition rjf cinirgy reveals itself by a large increase in volume or, 
in a doss'd ^’l^ssej, by rise of pressure. When water is heated in a 
closi d vessel a pnssLire gauge will register a rise in pressure, but no 
visil>lt: change will he aj)pareMt. A layer of steam will form over the 
water but, apart from a difference in the proportions of the two 
layers tiiere will !»e no visible change at first. Eventually, how¬ 
ever, a pfjint is reached at which the line of demarcation between 
the lower layer of liquid and the upper layer of steam vanishes—in 
latlicr words the distinction l)Ctwx‘en liquid and gas disappears. It 
is possible about tliis [loint (the " critical temperature ") for the 
water h) beooint? steam without the change of volume which we 
associate w'ith boiling. This critical temjieratiire is associated with 
a ( ertaiii criticai pressure, both of which are characteristic of the 
material itself. 

(c) Heat and Temperature. The above paragraph summarises 
the physical changes of iif)rmal matcriais as their energy content is 
increased from the lowest lempenitures to very high ones. The 
solid material at the freezing point changes into a liquid. At the 
boiling point this changes into a vapour and at the critical point the 
distinction between a liquid and gas disappears. These changes 
an*, however, laought aliout by changes of energy content of the 
inolecules and point to the distinction between heat and tcin- 
peiatiire. 

Boiling water is hotter than freezing water because of its higher 
heat content, and this difference of heat content can be used to 
make a scale of teinjierature. If the difference in " hotness'' is called 
lIH) units, the cenligrade scale of temperature is created, if ]8t) units 
the fahrenheit scale is obtained. The fixed points on the centigrade 
scale for the freezing and ht)iling points of water are 0 deg. and 
100 deg. As the figure for the freezing point of water was chosen 
as 32 deg. on the faliiciilieit scale, the boiling point becomes 
ISO 

100 X —— -f 32 deg., or 212 deg. The rule for the conversion of 
temperatiires from one scale to the other is thus obviously :— 
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Degrees centigrade multiplied by ^ + 32 give degrees falirenheit. 
Degrees lalirenlieit — 32 multiplied by ^give degrees centigrade. 
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There is a considerable looseness in the use of the words heat and 
temperature. In speaking of furnaces in industry the word heat 
is often used in the sense of temperature. It is preferable to avoid 
using these words in a sense liable to cause confusion. The matter 
bears some analogy to the difference between height and potential 
energy of position. If a quantity of water is raised above sea-lcvel, 
it will acquire energy which, by some sort of water mill, couid be 
recovered as useful work. The greater the height, the greater the 
work obtainable. In this example, the total quantity of energy is 
clearly dependent on two factors, viz. height above sea-level and 
quantity of water, and there is no confusion between the two. 
It follows at once that a definition can be given for a unit of 
heat. In centigrade units the unit of heat is taken as the 
quantity of heat which will suflice to raise the tenij^erature of 
1 gram of water through 1 degree centigrade. A British Thermal 
Unit (usually abbreviated as B.Th.U.) is the quantity of heat which 
will raise the temperature of 1 lb. of water through 1 degree 
fahrenheit. 

It is now appropriate to consider the influence of heat and tem¬ 
perature on some of the properties of matter likely to be of interest 
in connection with firefighting. 

(d) S/ze. Generally speaking, matter which does not change in 
composition or porosity, increases in size when healed. The 
increase in size per degree rise in temperature is defined by the 
" coefficient of expansion.” If the size is measured in length, the 
coefficient is called linear, and linear coefficients are useil when solids 
are in question. When dealing with liquids or gases, it is more 
convenient to measure volumes and to state the ex[>ansinn in Icnns 
of “ cubic coefficients." In all cases the scale of tein|)erature should 
be stated. Therefore, the coefficient of expansion of a substance is 
the increase in size (length or volume) of 1 unit (length or volume 
in chosen units) when heated through 1 deg. of temperature (t enti- 
grade or fahrenheit). In tables, figures are usually given in tlie 
centigrade scale. 

The linear coefficient of expansion of iron is given as 0-00()f)0f)5 
per 1" F., which would imidy that a piece of iron JO ft. ItJiig, on 
heating to 1832° F., gains in length by about 10 x O-OOfiOOf) X 
1832, or 0-1 ft. {i.e., about 1J ins.). Such calculations should be ii.scd 
with caution as these coefficients hold good only over a limited range 
and may vary considerably, sometimes quite aliriiptly. Fur 
instance, silica, of which sand and many building materials are 
composed, undergoes a sudden expansion wlicn heated to 
1007° F. Constructional materials almost invariably show' consider¬ 
able differences in expansion relative to one another wdien heated 
through a considerable temperature range resulting in probable 
damage to rigid structures. Instances of differential exj^aiisiun 
which may have desirable or undesirable results are common. 

The relativel}^ high coefficient of expansion of aluminium is con¬ 
ducive to the seizing of aluminium pistons in cast-iron engine b! cks, 
when new and well-fitting engines are being run in. Invar metal, an 
iron-nickel-steel, has a coefficient which is almost nil, and is used for 
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rnrikiiii' ruk;.^ .'jnrl tapi; measures because the length is scarcely 
affected by onlinaiy temperature chan/:;es. 

IhrMctallic strips frjrmed of metals with different coefficients of 
fixpaiision liccome deformed on heating, the deformation being 
|jiuptjrti>>nal to the change in temperature. Such devices are found 
in cninmrjii use in the construction of automatic fire alarms and con¬ 
trolling mr*(}];inism. The thermostatic device, i.c,, the apparatus 
for maintfiiniiig the ti*!nj)erature of an object at the desired figure, 
is freqliently o|)er:ited by the differential expansion of two pieces of 
metal of different tliennal expansion. Many other examples could 
be rpioterl. 

Tiie expun'.ion of liquids or gases is usually reckoned in terms of 
volume, for obvious reasons. The swelling of a suitable liquid 
])roviili;; ; liir rnenns of (imstnicting a scale of temperature defined in 
term uf Ibe freezimr and boiling points of water. Water itself is nut 
a convenient liquid for tlu.s purpose and in practice it is normal to 
use the exjian.^ioii of mercury in a therinomcter. The mercury is 
rniiiiiied in a bvilb attached to a glass tube of line bore. The 
positions wheie the mercury thread cmls when the thermometer is 
inimerseil lirit in ice and tlien in steam are marked. The distance 
between tlie^e tvvo points is divided into 100 parts, and each part then 
iridicates a change of 1 degree of temperature on the centigrade scale. 

(e) Heating end Cooling, It is ilesirable to form a quantitative 
picture uf the ])rocess of heating and cooling, taking into account 
tin; signilicance of the term heat and temperature. 

Sometimes material can absorb beat without showing signs of a 
rise of temperature, e.g., ice can be incited by the addition of warm 
water willniut any noticeable rise in temperature. On the other 
hand I he heating of waiter ])rodiices a iiotieeabk* rise in temperature. 
Tor this reason, sumetiines a distinction is drawn between latent 
brat nf the first kind and sensible heat which can be felt. 

Sensil)le lieat wliicli can be felt is generally more easily compre- 
luMuled and provides a means of delinition. The unit consists of 
the (piantity of heat which will raise the temperature of 1 gram of 
water through 1° C., and is called the calorie. Sometimes the 
unit is defuied in terms of the kilogram of w’ater, called tlie kilogram 
calorie. In Ihitish units as mentioned above, the B.Th.U. is the 
quantity of heal which will raise the leinjierature of 1 lb. of W'ater 
tlirougli 1^" V, 'I'Iil; kilogram calorie is almost exactly equal to 
4 Jb ] li.U. 

Now Lliere are marked differences in the capacity of different 
inalerials for absorbing heat, and these are related to the structure 
of the matter itself. Water is an example of a substance which 
al >sorbs relatively large (juantiiies of energy during change of 
j)hysical contlition. Rise of temperature is produced by the 
adilition of sensible beat, and must be related to the capacity 
of the material t‘' absorl) heat—a quantity called its specific heat. 
It will be noticed from the figures given that the specilic heats 
for all other substances are le.ss than that of water—some very 
much lower. Water in form uf steam has a specific heat of only 
0*48. Organic substances sudi as petrol, alcohol, etc., all have 
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small specific heats. This means that such materials when sup- 
y]\cd wilh a given quantity of heat show a much greater rise of 
rca]j>eraturc tlian water. They are also rcadil}^ vaporised and have 
low flashpoints or emit poisonous vapours. It is clear that low 
<j)ccinc heats are of considerable importance in promoting tire risks. 

The latent heats of fusion and evaporation of water are also high 
relative to those of other common substances. It requires more 
ciu rgy to change the state of ice to water and W'atcr to steam than 
substances like paraffins, alcohols and benzole. It shciild also be 
tuned that freezing occurs at a fixed temperature and the latent heat 
IS, tliercfore, a constant ; vaporisation can occur at all temperatures 
to the critical temperature when the distinction bctw'een gas and 
lioj iid disappears. \Vhat is called the boiling point is merely the 
t( in]'eralure at which a liquid emits vapour at a jiressiire equal to 
the existing b.iiometiic pressure. The latent heat of vajiorisation 
v jiies with the temperature at which boiling takes place and 
(iijiiinishes as the temperature rises. For cxam})le, if water is 
c\'a]X)rated at air temjierature, the latent heat is 585 calories per 
L:ram (1055 B.Th.U. per lb.) and at 212° F. it is 510 calories per 
gram (1)72 H.Tli.U. per lb.), whilst at 705° F., the critical teirp' ia- 
t!iie when the distinction between gas and liquid vanishes, it will 
bi.'CDine nil. Any heat imparted to water above this temperature 
must raise both the temjierature and the pressure. 

The existence of critical points has considerable Importance in 
cojmection with fire hazards, because of the quantity of comi)re.ssed 
garos in commercial use. Some of these have critical jiuiiits near 
and abi)ve normal air temperature. Carbon dioxide in liquid fonn 
is stored, transported and used compressed in cylinders. Its 
ciitical temperature—87° F, —is only a little above our air tem- 
perature. It w'oiild require no gTcat rise of temperature during 
i fire tn bring a cylinder of liquid carbon dioxide above the critical 
I' lnpcrature when all the heal alxsorbed would be effective in raising 
tlu; temperaliiiT and pressure of the carbon dioxide. Pressures 
w»)iiki ri.se rajiidly and increase the hazard r)f cxjdosion. Caibuii 
dioxide has one merit, lliat it is an effi-etive agent for extinguishing 
hres. Where poisonous comjircssed Jiejuid ga?.es such as chlorine, 
ammonia and suljihur dioxide are in question, tlie conoeqiience.s of 
overheating the cylinders in vvliich they are crjiil ained may be serious. 

Tlic iiigh latent lieat of vajnirisation is a valuable properly of 
water in its application to tin:lighting. Water is the most useful 
and abundant agent for the exlirn tioii of fire—for wliich an essential 
property is a large capacity for heat absorptitin—and in addition to 
its abundance and availability, water has the greatest cajjacity for 
heat at all lempcraturc.s which come into question. Water will 
absorb 85 calories per gram (153 B.Th.U. per lb.) in being heated 
irorn air temperature to the boiling point. It will, however, absorb 
540 calories per gram (972 B.Th.U. per lb.) in conversion to steam 
at the boiling point. It is clear from these figures that water will 
be used most efficiently for fire extinction if it can be converted into 
steam. Cold water draining away from a conflagration has played 
a negligible part in extinction. 
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1. CHEMICAL PROPERTIES 

Both chemical and physical processes enter into ignition and the 
growth and extinction of fire. It is, therefore, desirable that every 
fireman should possess some knowledge of the chemistry of fire. 

A fire is normally produced by the burning of some fuel with air. 
Air consists substantially of a mixture of gases, 79 per cent, by 
volume of air being nearly pure nitrogen—an incombustible gas 
and an inert diluent which plays no part in the combustion process. 
The remaining 21 per cent, by volume is oxygen, a gas essential 
to combustion and life. Oxygen is slightly heavier than nitrogen 
and so forms 23 parts of the air by weight. 

The essential constituents of nearly all useful fuels are carbon 
and, to a less extent, hydrogen. Both are elements, i.e., one of the 
ultimate components of all matter. They readily burn on com¬ 
bining with oxygen and in so doing set free large quantities of heat. 
Chemists are accustomed to depict these chemical processes by 
means of a sort of shorthand of symbols and equations. Each 
elcmcn t has a distinctive symbol. The smallest particle of an clement 
capable of existence is called an atom. The atoms of different 
elements differ in weight, and hydrogen is the lightest element. 

Each ctf these elements has a definite symbol, thus H represents 
hydrogen, O represents oxygen. Cl represents chlorine, and so on. 
Tiiis symbol is usually taken from the Latin name, thus lead is 
Pb from IMumbum, tin is Sn from Stannum, and so on. A second 
letter is used where nece.ssary to prevent confusion between elements 
having similar initial letters. Thus Cl = chlorine whilst C = 
carbon. The atomic weight of hydrogen being taken as 1 (since it 
is the lightest element), that of carbon is 12, of oxygen 16, and of 
nitrogen 14. 

The atoms of many elements cannot exist alone but seek 
partners with either another atom of the same or different element. 
It is this urge to link up with other atoms as a result of chemical 
fi)rce.s which gives rise to " chemical reaction " with all its practical 
consequences. 

Hydrogen, nitrogen and oxygen are all gaseous elements. Under 
normal conditions two atoms of each link up with each other to 
form a stable combination called a molecule, i.c., the smallest com¬ 
pound of the tw'o cajjable of pennanent separate existence. In 
chemical shorthand this is indicated by a small siiflix giving the 
number of atoms present in one molecule. The molecules of 
hydrogen, nitrogen and o.xygen are written Hj. N, and Oj, and their 
molecular weights are, therefore, 2, 28 and 32, i.e. just double the 
corresponding atomic weights. 

It will be noted that the absolute weights of the atoms and 
molecules are not normally used but only a number proportionate 
thereto. As chemical iind physical processes involve matter in the 
form of atoms and molecules, it is convenient to calculate in terms 
of atomic and molecular weights. For instance, the density of a 
gas is proportional to its atomic or molecular weight at a given 
temperature and pressure. The space occupied by a " gram 
molecular weight of gaseous molecule is the same for all gases at 
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the same temperature and pressure, and mnny other properties are 
related to the atomic or molecular weights. Thus 2 grams of 
hydrogen, 28 grams of nitrogen and 32 grams of oxygen all measured 
at 32° F., and 76 cms. of mercury pressure (normal temperature 
and pressure usually abbreviated as N.T.P.) ^1 occupy 22*4 litres 
of space—a volume called the gram molecular '•’olume. By a 
remarkable and accidental coincidence the same number applies in 
the British system of freights and measures, provided that weights 
are stated in ozs. and volumes in cu. ft. Thus 28 oz<. of nitrogen 
and 32 ozs. of oxygen gas both occupy 22-4 cu. ft. at X.T.P. In 
tlie pages which tollnw, weights, volumes and heat quantities will 
usually be stated in British units. 


PROCESS OF COMBUSTION 

Having defined the terms and the symbols used in chemical 
shorthand, it is iiuw possible to consider what happens in Luinbustioii 
processes, and how these are depicted on paper by means of chciiiical 
formulae and equations. 


I, THE COMBUSTION OF CARBON 


The first and probably most important example is the combustion 
of the solid element carbon, the ])urest form of which is the 
diamond. Grapliite is another form, and loss })urc forms are found 
in coke, charcoal and lamp l)lack. Carbon enters into the composi¬ 
tion of most commercial fuels. Wlieii carbon is heated in contact 
with air, at some tem])erature which depends on the nature of the 
carbon and condition of the heating, the f)xygcn and carbon combine 
to form carbon difjxide, a colourless gas, Jieavier than air. Although 
this gas does not siif)port life or combustion, it is not actively 
poisonous, for it forms a consideriable part of the air exhaled from the 
lungs in normal respiration. It is also used for aerating beverages. 

(o) Reoction of Carbon with Oxygen. Tlie combination, or reaction, 
of carbon witli oxygen takes place rapidly, indeed at a red heat just 
as fast as the ox}’gen reaches the surface of the glowing carbon. 
The process is depicted by the chemical equation : 


Weight in oz. 

Vol. in cu. ft. at 
N.T.P. . 

Heat of reaction. 


C + Oj = COa -H 10,890 B.Th.U. for . 
12 + 32 = 44 12 oz. of carbon. 


22-4 22-4 

10,890 B.Th.U. liberated per 12 ozs. 
of carbon, or 14,520 B.Tli.U. per 
1 lb. of carbon. 


. • ( 1 ) 


This equation means that 1 atom of carbon (C) d- 1 molecule 
containing 2 atoms of oxygen (Da) react or comliine to form 1 mole¬ 
cule of carbon dioxide (C 02 )- The carbon is a solid and in the solid 
state it is necessary to reckon with atoms only. Independent 
molecules do not exist in the solid state. Assuming a knowledge of 
atomic weights, the equation shows that 12 ozs. of carbon combine 
with 32 023. of oxygen to give 44 ozs. of carbon dioxide gas. It 
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indicates, furthermore, that this process is accompanied by the 
liberation of a large quantity of heat, i.e., 10,890 B.Th.U, 

Care must be taken to differentiate between a true chemical 
reaction as illustrated above and a simple mixing without chemical 
reaction. When oxygen is mixed with nitrogen to form air the 
liberation of heat is negligible, for the components remain unchanged 
in form, weight and composition. When, however, a chemical 
change takes place the weight of matter also remains the same. 
Thus in this simple case of combustion from 12 ozs. of carbon and 
ozs. of oxygen, 44 ozs. of product are obtained, but the form of 
the original components can no longer be recognised. There is a 
rearrangement of atoms in the new molecules produced. These have 
a smaller energy content and the difference is set free as heat. It is 
normal in chemical reactions which involve a rearrangement of 
atorn.*> and consequent change in the energy content of the matter 
to find eitlier a liberation of heat to, or absorption of heat from, the 
surroundings. Commercial fuels are essentially materials which, 
when reacting wiiii oxygen, yield much energy in the form of heat,, 
although it should not be overlooked that the energy may be 
obtained in (jther forms, c.g., electricity and light. Equation (1) 
also implies that 12 ozs, of carbon combine with 22-4 cu. ft. of oxygen 
to yiehl the same volume of carbon dioxide. 

These iiguics show the advantages of calculating in molecular 
unils. Volumes of gases arc then always muliijdes of 22’4 cu. ft. 
Calculations of heat quantities are facilitated. Nevertheless, it is 
often convenient to calculate the quantity of heat generated by 
1 unit of weight— e.g., 1 lb. Thus the calorific value of heat 
generated per oz. of carbon burnt to carbon dit)xide equals one- 
twelfth of 10,890 B.Th.U. the heat liberated by the combustion of 
1 oz atom of carbon, i.e., X 10,890 or 910 B.Th.U. This 
amounts to 14,520 B.Th.U. per lb. 

(fi) Reoct/on of Carbon with Carbon Dioxide. Equation (1) depicts 
the relation between heated carbon and carVK)n dioxide when free 
oxygen is present. When oxygen is not present, another type of 
chemical process can occur above a red heat, viz. :— 

C + CO,=2CO - 1390 B.Th.U. for 
Weight in oz. .12 + 44 = 2x28 12 ozs. of carbon . . . (2) 

Vol. in cu. ft. at 

N.T.P. . . 22-4 2x22-4 

Heat of reaction. 4390 B.Th.U. absorbed per 12 ozs. of 

carbon or — 5815 B.Th.U. per 1 lb. 
of carbon. 

If carbon is heated and kept red hot in contact with carbon 
dioxide, a chemical reaction takes place whereby the 2 atoms of 
oxygen are shared between 2 atoms of carbon to yield a new gas, 
carbon monoxide. This i-S colourless, without smell, but actively 
poisonous when inhaled. The red cells in the blood, which convey 
oxygen throughout the bod}', combine very readily with the carbon 
monoxide forming a relatively stable compound. The blood carries 
this instead of oxygen throughout the tissues of the body, which 
10 
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suffer from oxygen starvation, leading to collapse and ultimately 
death. The conditions leading to the formation of carbon monoxide 
occur very frequently in practice, t.e., whenever red-hot carbon and 
carbon dioxide gas meet in the absence of free ox3'gen. This occurs 
in e\'ery bed of burning solid fuel, such as coal, coke or charcoal, 
which is more than a few inches thick. 

When air passes through a bed of glowing carbon the whole of the 
f>\ygen is converted into carbon dioxide by the reaction depicted 
in equation (1). As the gases rise more than about 4 ins. in contact 
with red-hot carbon the carbon dioxide, as stated above in equa¬ 
tion (2), is converted into carbon monoxide which may be recognised 
by the appearance of a blue flame at the top of the fuel bed. If 
conditions are such that oxygen is not available above the fuel bed, 
or the temperature is too low, the carbon monoxide will not be able 
to catch fire. It may pass on unnoticed wherever the products of 
combustion go. This may be a source of danger to thoie whose 
work brings them into places where conditions for the formation of 
carbon monoxide exist. 

Coal gas contains 5 to 10 per cent, of carbon monoxide and i^' well 
known as a poisonous agent. The process depicted in equation (2), 
as de.scribed above, is u.sed in the "'gas producer”, which consists 
of a deep fuel bed in which carbon monoxide is produced, and then 
led away to be burnt as and when required as a fuel for furnaces or 
for power generation in a gas engine. 

Equation (2) differs in one important respect from equation (1). 
Whereas in the former the reaction takes place with the liberation of 
much heat, in the latter to convert 44 ozs. of cail)on di[)xii:le into 
2 X 28 or 56 ozs. of carbon monoxide, energy must be supplicrl 
from outside. This energy measured as heat arnuinits to 4.T!)() 
B.Th.U. for 44 ozs. of carbon dioxide reduced to carbon monoxifk. 

Exothermic and Endoiher^nic Reaction. The energy changes iti 
chemical processes are of great practical imj)orlance and arc due to 
the rearrangement of atoms to form new molecular structures. The 
combustion of fuels for the production of useful heat is always 
obtained by a chemical reaction accompanied by the lii)eralif)n tjf 
heat of which the combustion of carbon with oxygen as shown in 
equation (1) is an examjile. This is termed an ” exotiiermic ” 
reaction. The heat evolved, unless dissiyuited to the surroundings, 
will cause the material, r.g., the carbon of a solid fuel, to rise in 
temperature, as can be noticed in an\’ fuel bed. 

When, as exemplified by equation (2), it is necessary to supply 
energ\^ to rearrange the atoms to form a new molecular structure, 
the process is termed ” endothermic.” Thus heat must be supidied 
to red-hot carbon in order to support its conversion to carbon 
monoxide according to equation (2). If the heat necessary is not 
supplied from outside, it will be taken from the carbon and carbon 
dioxide, the temperature of which must fall until the process is 
stop])ed. There is thus possible a cooling by chemical process 
independent of the normal ph\^sical cooling. 

(c) Reaction of Carbon with Steam. Here it is appropriate to call 
attention to a somewhat similar process which occurs when steam 
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comes into contact with red-hot carbon as shown in equation (3) 
below. 


Weight in oz. 
VuJ. in cu. ft. at 
N.T.P. 

Heat of reaction. 


C + 1 X 20 = 00 + H 2 - 326 O B.Th.U. 
(steam) for 12 ozs. of 

12 + 18 = 28+2 ■ • ■ 


22-4 22-4 22-4 

3260 li.Th.U. absorbed per 12 ozs. of 
cai bun, or—4350 B.Th.U. per 1 lb. 
of carbon. 


(3) 


Here tin- rnr'oon is able to take oxygen from the steam, producing 
carbon rnoiiuxidc and setting hydrogen free. A bright-red heat 
(rilM)ut 1750 ^ 1\) is necessary to obtain a result as indicated by 
equaliuii (3). At lower temj)eratures carbon dioxide also is formed 
in some (piaiitity. It is nece.ssary to supply energy to the system 
to bring about this decomjjosition of steam, i.e., 3200 B.Th.U. for 
12 ozs. of carbon or for Ifl ozs. of steam decomposed, and 4350 
B.Th.U. jier 1 lb. ol carbon used. In this respect the process 
resembles tlie decomposition of carbon dioxide by carbon. It is 
" enrJollierniic." This reaction must play some part in firefighting. 
When water is thrown upon glowing carbon, e.g., cliarctial, or 
carbonised timber, some water must be evaporated to steam which 
will be sujierhcated until at some temperature above a red heat 
decomposition takes place according to equation (3). In so far 
as this happens, heat may be taken from the glowing carbon but 
the |)n)cess would cclisc when the temjjerature falls below a red heat. 
The calculation above, it should be noticed, has been made on the 
assumption that steam is used. If liquid w'ater is used the cooling 
would be greater by about 30 yjer cent, (see above under “ Heating 
and Cooling 

While this chemical cooling of the fuel bed has some advantage, it 
is only gained at the expense of turning the solid carbon into a 
mixture ijf two iiiflaiiimalde ga.ses, one ol them actively poisonous, 
with all attendant disadvantages. Thus the inflammable gases 
may rise and ignite on meeting the necessary air elsewhere and so 
help to spread the fire. 

A mixture of carbon monoxide and hydrogen produced by the 
decninposition of steam by red-hot carbon is known as " water gas 
and is extensively used in industry. 

The inipnrtaiiL fuel ga.s hydrogen burns with ox 3 '^gen according to 
the equation (1) to form steam. 

2H, + 0. = 211*0+13,050 B.TliU 
per 4 ozs. of 

Weight in oz. . 2x2+32 = 2x18 hydrogen.(4) 

V'ol. in cu. ft. at 

N.T.F. . . 2x22-4 22-4 2x22-4 

Heat of reaction. 13,050 B.Th.U. liberated per 4 ozs. 

of hydrogen, or 52,200 B.Th.U. 
per 1 lb. of hydrogen. 
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Unlike the combustion of carbon, the burning of hydrogen with 
oxygen involves gases only, and the materials combine in simple 
volumetric proportions, i.e., 2 volumes of hydrogen and 1 volume of 
oxygen gives 2 volumes of steam. The reaction is strongly exo¬ 
thermic. The atom of hydrogen is the lightest of all elements and 
for equal weight the heat liberated in its combustion is the greatest. 
The figures given relate to the production of steam. If this were 
cooled to water at air temperature, the figure, 13,050 B.Th.U., 
would be increased by 2250 B.Th.U.—the so-called latent heat set 
free by condensation to liquid water. 

2 . REACTION OF METALS 

Most elements will combine with oxygen to form compounds with 
oxygen or oxides under some conditions. The hchaviour of metals 
in this respect is particularly important. In the case of common 
metals such as iron, copper, zinc, etc., this chemical reaction is slow 
at normal air temperatures and only noticeable as rusting or corro¬ 
sion. At higher temperatures, however, all these metals will burn 
in air or oxygen in a manner similar to that of carbon. In some 
cases, however, the burning of the metal is continuous only if steps 
are taken to keep the temperature of the metal high enough. Cutting 
and welding steel with the oxy-acetylene blowpipe makes use of 
the burning of iron with oxygen at a very high temperature. On 
the other hand the metal sodium at air temperature combines with 
oxygen readily and also rajudly decomposes cold water. 

Magnesium is another example of a metal which readily burns, 
so much so that burning magnesium ribbon is used by photographers 
to provide a bright light for a '* flash " exposure. The ribbon can 
be ignited with a match. At air temperature, magnesium metal 
and alloys of the electron type are so stable as to be much and 
increasingly used in moulded mechanical construction. If heated 
to a temperature approaching a red heat—say aV)out 1112° F,— 
the metal may burst into flame as a result of combustion witli air to 
form solid magnesium oxide or magnesia. On account of this ease 
of ignition, magnesium and its alloys are used for the construction of 
incendiary bombs. The process may be represented by equation (5). 

2Mg + O, =2MgO + 32,790 B.Th.U. 

per 48 ozs. of 

Weight in oz. . 2x24-|- 32 = 2x40 niagnesiura.(5) 

Vol. in cu. ft. at 
N.T.P. . 22-4 

Heat of reaction. 32,790 B.Th.U. liberated per 48 ozs. 

of magnesium nr 10,930 B.Th.U. 
per 1 lb. of magnesium. 

There are certain differences to note between the combustion of 
magnesium and that of carbon. The heat liberated per lb. of carbon 
is 14,520 B.Th.U., whereas magnesium furnishes only 10,930 
B.Th.U.—about 24 per cent, less. Now a reasonably good house 
coal has a calorific value of over 14,000 B.Th.U, per lb. ; thus in 
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comparison magnesium is only a low-grade fuel. Carbon is a solid 
at any ordinarily attainaljle temperature and burns to give an 
invisible gas carbon dioxide. Magnesium boils at 2012° F. and 
the vapour formed, when buniing in air, gives a liaine charL'Cd 
with white smoke of magnesia (the oxide o\ magnesium). VViien 
formed at a high temi)eratiire this smoke emits a very bright light 
wliieii gives an impression of heat which is not borne out by nieasure- 
mciits. In fact, the smoke on cooling down obstructs the radiaiion 
from burning magnesinrn. The bulky coating of magnesia formed 
on the surface of burning magnesium also hinders the transmi.^sion 
of heat to objects which come into contact with the metal. These 
properties wrjrk in such a way as to diminish tlje erfectivTnes.s of 
burning magnesimn as a heating ag<'nt. 

The lirilliiiiit light emitted by the flame of burning magnesiniii or 
its alleys such as electron metal is decej)tive. As mentioned above, 
1 lb. of carbon or coal burnt generates much more heat than 1 lb. of 
rnagnesiuin. The carbon, however, is converted completely into 
invisible carbon dioxide gas which carries nearly all the iieat away. 
Thri i.s not apparent to tlie eye and so the radiatirm from the sr»liil 
fuel is only a minor ])ortion of the heat generated. W hen magne'^ium 
burns the whole t)f the material remains as a single solid y)n)duct in 
a new form. The heat of coml)ustion is alnu)St entirely used to 
raise the teinjicralure of lids niagnesia to a very high ligun*. This 
is an example where the viol(‘nce of a chemical process and the 
aexompanying bright light is not to he taken as mea^iuing the 
quantity of heat (jroduced in the process. 

Magnesium, like many other metals, deciunposes water. Sodium 
does this rapidly at air temperature but magnesium n-qr.ire.A a liigii 
temi)erature before the [process becomes etjually rajatl, just a.s it must 
be lieated to a Idgli temperature to bum in air. 

TliC action of water on Imt niagiu*siuin may be re)*i Lsc'iited by 
the equation (0). 

Mg + ir.p-MgO-|-IIo-f 85.00 F..Th.U. for 
21 ozs. of rriag- 
iiesiurn.(f*) 

Weight in nz. . 21 -f 18 = 40 + 2 

Voh in CM. ft. at 

N.T.P. . . 22-4 22-1 

(as steam) 

Heat^of reaction. SooO JV rii.U, liberated per 21 ozs. of 
magnc.sium, or oTUO B.Tli.U. per 1 lb. 
of magnesium. 

Equation (0) may be compared with equation (.1) which depicts 
the action of steam on red-hot carbon. Although they look similar, 
there are twet important diderences. The solid carbon is converted 
into gaseous carljon monoxide, wh.ile magnesium metal gives .solid 
ntagnesium oxide. The decomposition of steam bv carbon is 
endolherinic, heat is absorbed and so the reaction is self-cooling. 
The corresponding action of magnesium is exothermic and the 
considerable evolution of heat helps to conseri^e the high temperature 
M 





CHAPTER I 


THE PHY1IC5 AND CHEMISTRY OP COMBUSTION 


of the burning metal. If the magnesium is burning in air, the 
liberation of heat by the decomposition of added steam will there- 
fnrc promote the combustion with oxA^geri. The consumption of 
magnesium by combustion with ox 3 ^gen will be increased by the 
action of steam. If, however, the water is supplied at a rate 
exceeding that required by equation (iS), i.e., or | of the weight 
of magnesium capable of reacting with water, the excess of water 
can only cool the metal. Persistent addition of water at an adequate 
rate mu.st eventually cool the metal below its ignition temperature 
and cause extinction. This explains why a gL'iitle spray of w^ater 
will promote the combustion of burning magnesium, w'liile a |)r)werful 
jet of water in excess of what can react with the metal cools the 
metal until it becomes extinguished. 

3. EXPLOSIVES 

In all the examples previously quoted, combustion takes place 
betw^een the fuel and free gaseous oxygen of tlie air. There are, 
however, many other chemical processes in w'liich the reaction takes 
place between .solids, one of which contains oxygen in combipation. 
This includes the important class of cx])losives, which sometimes 
consist of a single compound rich in ox^'gcii. 

(o) Gunpowder. A good cxani])Ie is black guiipow’der, which 
consists of an intimate mixture in suitable jiropurtions of charcoal, 
sulphur and nitre or potassium niiraie —/.c., in chemical syjvihnls C, 
S ;;uid KNO 3 . When nitre is heated with carbon or sulphur, llie 
latter readily combine with tlie oxygen in the nitre, funning the 
gaseous oxides of carbon and suljhur, 1 ml ai air icnij .era lure, mixture 
of the three ina}’ remain iijjpareuily inej i illllciinitcl\^ Intimately 
mixed in suitalde pmjJortii'Ms tho three are si-nsilive to shock or heat, 
giving rise to a raiud reaction, and the formation of a large vulimic 
of gas. This sudden generation of a large vidu/ne of g.is and 
consequent development of high gas j rcssure is the source, of the 
blast of explosions. 

Explosives are usually solid and the sudden conversion of any 
solid to gas naturally involves a large increase in volume. Thus 
equation ( 1 ) shows that the con\'er-sif>ri of 12 ozs. of carbrm to carbon 
dioxide means an increase in vulujnc to cu. It. Commercial 
explosives vary in the sjiecd at wdiicli the solids react and are con¬ 
verted into gaseous i^roducts. Propellant explosives, f.g., black 
gunpowder, and cordite and mining cx})lo.‘-ives are sf) eonstituled 
as to develop the maximum pressure relatively shmly. High 
explosives are clioscn so as to secure the highest possible rate of 
combustion or decomposition, and the most rapid conversion of solid 
into gas with development of pressure, and, therefore, sliattering 
effect or blast. 

(b) Picric Acid. Some of the most effective explosives are 
single compounds such as picric acid and trinitrotoluene or T.N.T. 
Picric acid has a chemical composition represented by the formula 
CBH 3 N 3 O 7 , which implies a large and complicated molecule con¬ 
taining 47 per cent, of oxygen arranged in close contact with 32 per 
cent, of combustible carbon and hydrogen. 
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This is aji unstable system liable under the influence of heat and 
shock to develop a sudden chemical reaction even in the absence of 
air, generating a large volume of carbon dioxide and steam with 
shattering effect. The explosion of picric acid, gunpowder, etc., is 
a j)rocess of chemical combustion within the solid material and 
independent of the ox^^gen of the air. It is exothermic. Consider- 
aldc lieat is set free as is usual in chemical processes where molecules 
of unstable structure are transformed into more stable products. 
In comparison with useful fuels, however, the heat so generated 
is small. 

Tims 1 lb. of good coal may generate up to 14,000 B.Th.U., 
wliiTcas 1 lb. of picric, acid on explosion generates only 4B60B.Tli.U., 
and 1 lb. of T.N.T. generates only 6360 B.Th.U. These figures are 
given to show that the violence of a destructive action is not simply 
mcasined by the quantity of heat developed. In the case of 
exjdosives the time taken to complete the chemical reaction deter- 
iniriLs the degree of Vdast effect. 

(c) Thermite Reactions. There is another type of reaction 
between solids which is of considerable importance—the so-called 
" thermite " processes. Metallic aluminium shows a great affinity 
for oxygen. Even in contact with cold air it very readily forms a 
film of aluminium oxide A1 jOg. If an intimate mixture of aluminium 
powder with oxides of heavy metals such as iron is heated even 
liically, a violent chemical reaction starts and passes through the 
mixture quickly. Oxide of iron, for instance, is deprived of its 
oxygen and molten iron is left. The aluminium is converted into 
fused aluminium oxide as shown in equation (7). 

2A1 -1-FegOj =AlgOg+2Fe 

+ 20,670 
B.Th.U. for 214 
ozs. of thermite. (7) 

(2x27) + (2x5G + 3xl6) =(2x27+3x16) + 

(2x56) 

20,670 B.Th.U. liberated per 214 ozs. of thermite, 
or 1550 B.Th.U. per 1 lb. of thermite. 

The product of a thermite reaction acquires a very liigh tempera¬ 
ture. and emits a bright light. It will a^ipear suqirising that this is 
produced by so small a quantity of heat. One lb. of thermite 
mixture generates 1550 B.Th.U., a quantity of heat developed by 
the cotnbiistiun of about H ozs. of good coal. It will be noticed, 
however, that no gases are produced in the reaction to dissipate the 
heat developed. The heat is all retained by the products of reaction 
which consi.st of molten aluminium oxide and metallic iron. As 
these attain a temperature estimated to be in the region of 
4892° F. they naturally radiate a brilliant light. Nevertheless, 
the quantity of heat responsible for these effects is small in com¬ 
parison wdth that produced by the same weight of coal or coke. 
Although much more is developed in the combustion of a given 
weight of coal, thi.s heat is carried aw'ay by the products of combus¬ 
tion and is not apparent to the eye. The heat developed in a thermite 


Weight in 
oz. 

Heat of 
reaction. 
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process is used almost entirely in raising the temperature of the 
original weight of material which remains in its new form. "This is 
another example where the violence exhibited by a chemical process 
and accompanying bright light is no guide to the quantity of heat 
produced in a process. 

4. SOLID FUELS 

(o) Coals, Useful lessons can be gained by consideration of the 
behaviour of commercial fuels. In Table I are given the com¬ 
position and properties of six typical fuels. 

The fuels selected are :— 

1. A bituminous coal, i.e., a coal which on being heated forms 
tarry or bituminous products. Such coals are rich in " volatile 
matter ” and are by far the commonest type of British fuel. 
They differ widely in composition and properties and are also often 
divided into two t 3 'pes : (a) coking coals which, wlieii heated in 
tlic absence of air, yield a strong coherent coke, and (6) non-coking 
coals which give a weak friable coke or only a loose pow'der. 

2. A smokeless steam coal, one low in volatile matter ” 
which will burn with little or no smoke. Such coals were vncc 
much prized for naval purposes. They are produced in South 
Wales but are less generally available than bituminous coals. 

3. Anthracite, a smokeless fuel but more particularly used 
for domestic purposes. 

4. and 5. A low-temperature coke and a high-ternperaturc 
coke, produced in gas retorts, both made from the bituminous 
coal (1). 

6. A heavy mineral fuel oil such as is used for boiler firing 
which is included for comparison. 

In the first place are given the proximate analyse-s ” of these 
fuels. Usually, these are the only tests, if any, made on fuels. 
The proximate analysis does not give information about the prnjior- 
tions of the comjionent elements. It telLs how much of the fuel is 
useless incombustible (tlie ash and mofsture) and how much remains 
a.s potentially u.seful combustible. 

In fuel of all classes the proportions of ash and moisture vary 
considerably according to the quality of the particular sample. 
Tlic figures given in Table I are not necessarily characteristic of 
the class of coal. Sometimes coals naturally contain less than the 
figures given, or have the ash reduced by wa.shing. Low-grade 
unwa.shed boiler .slack may contain 20 per cent, of ash, or even more. 
Excessive ash not only lowers the heating value of the fuel but 
causes trouble in the fire, especially if the ash melts easily to form 
clinker which chokes the fuel bed. 

The moisture content of coals may also vary considerably above 
and below the figures quoted, depending on the natural moisture of 
the coal and on the quantity of water it has picked up in washing 
or from rain. Such moisture lowers the heating value of the fuel, 
but is less objectionable than excessive ash. The combustible part 
is further sub-divided into " volatile matter ” and " fixed carbon.” 
The proportion of volatile matter is one of the most important 
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Table I 




Coal 


Cuke 








Mineral fuel 








niiii- 

inirious 

SifiMke" 

sti all) 

Anthra¬ 

cite 

r<^w 

n riip. 
(Drv) 

High 

ii-iup. 

ail 


ID 


(a) 

(4) 

(5) 

(fl) 

rnoxiMATR Analysis : 







Combu^tihlf: 

VtjliiliU- matler 

.‘11 :j 

US 

fi-0 

10-0 

2-3 

100 

Lixrfl carbon . 
Jftcomhuitihh 

.■'ili-C) 

7.7-.7 

80-9 

78-9 

84*4 

— 

Mrjisturp 

1-5 

2-0 

2-0 

— 

0-6 

— 

A.sh 

Ultimate Analysis : 

7fi 

K-0 

2-1 

IM 

12-7 

— 

('.‘If bon . 

7n-H 

78-4 

85-7 

80-5 

8.1-0 

H3-5 

lUf.lidf’cn 

4-51 

41 

4-1 

2-4 

0-4 

11-7 

Sulpbiir . 

1-7 

2-2 

1 :i 

l-fi 

1-2 

3*2 

(J.KVKr-ri . 

Nilio^'rn 

r»-8 

I-7 

4-1 

12 

;i 0 
12 

2-K 

1-0 

1-0 

1-1 

) 14 


IT) 

2-0 

2-0 

— 

oo 


Ash 

7 0 

SO 

O. J 

11-1 

12-7 

0*2 

Civl. vriliic H.TIi.U. per 







lb. f.;joss . 

Air for i'ornnl(‘ti‘ com- 

l.'l.Odn 

i:i.7H0 

14.700 

13.000 

12,600 

16,900 

l)iisli(Mi Ilf 1 11). dry a1 
flO di*n. Ic Mild :)0 iiiH. 







nicri'iiry. Lbs. 

in-t 

10-4 

11-ri 

10-1 

0-8 

13*9 

<liilo in cii. ft. 

Air for cnnipIc’U' coin- 

i:io 

13() 

1 IS 

132 

128 

182 

bu.'dinn of voliililo 
in.'O i.rr in 1-lb. Lb.s. . 


1-7 

0-8 

1 

0-5 

Nil 

13-9 

clilluiucu.fi. 

Igiiilioii li.'iniuTiilure in 

.710 

22-0 

lor. 

G'() 

Nil 

182 

o.vygeii, lU-R, 1'. 

aoD 

:i!io 

750 

000 

350-950 

500 in oxygen 







790 in air 


chiirarieristics nf any fuel. The behaviniir of the fuel in use is 
largely df’i'endent on the kind and quantity of the volatile matter 
jircsciit. riie volatile matter in British coals ranges from over 
40 per cent, down to 0 per cent. In cokes the quantity may be le.ss 
than 1 per cent., while the whole of a fuel oil is volatile matter. 

If coal is healed to rednes.s in the absence of air, the combustible 
part quickly dccoinpo.ses. leaving a carbonaceou.s residue or coke," 
Jind at the .same time giving off a quantity of ga.ses and vapours 
which will burn if ignited. The conibu.slible part of this stuff which 
thus flies off the coke (the word volatile comes from a Latin word 
meaning capable of flying ") is described as the volatile matter. 
Again, although the volatile matter is completely driven off only at 
a bright red heat—say IThO” F.—the bulk of it may be evolved 
below a red heat and, indeed, this portion is richest in hydro- 
r.arlx'ns. These liydrocarbons decompose when heated so as to 
produce soot and tar. The volatile matter is the source of these 
“ smoke producing " materials. 

Whenever coal is thrown upon a red-hot fire, first of all the volatile 
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matter, including the moisture, is driven off. As will be seen from 
Table I, this may jimount to nearly half the weight of the coat, and 
the: process takes place rapidly. Indeed, it is completed in a few 
minutes at a bright red heat Moreover, this happens quite inde¬ 
pendently of the air supply, and whether the fuel is ignited or not. 
Whether a fire is to smoke or not. depends on the way this volatile 
matter is consumed, i.e., on the design of the plant and the manner 
in which it is operated. Volatile matter can be consumed without 
smoke under certain conditions. To realise this it is only necessary 
to recall that fuel oil is all volatile matter, and yet, as i.s well known, 
lends itself under suitable conditions to smokeless combustion. 
The problem is, however, more difficult with a bituminous coal 
which contains both volatile and jion-volatile combustible matter. 
Both have to be consumed together, but the conditions necessary 
for each are different. 

It will be noticed that at least 10 lbs. of air are reriuircd for the 
CDrnjilcte combu.stion of 1 lb. of fuel. In practice more is necessary 
to secure smokeless combustion of bituminous coal. The vttlunie 
uf the air is at least 130 cu. ft. for a lumj) of coal about the siz-' nf a 
large list. The large w’eight and volume of air for so small a j)ioce 
of coal i.s very significant and too easily overlooked in |)raclice 
liecaiisc air is invisible. It is important in all applications of fuel— 
e.speciall}' bituminous coals Moreover, the fact that the volalile 
matter alone may recpiire over 50 cu. ft. |»er 1 lb. of coal usually 
necessitates the sujiply of the air in two parts : jirimary air 

below the fuel bed, and (/;) secomlary air above the fuel bed. Similar 
circumstances apply in the burning of most corubustililes, ^.g., wood, 
etc,, and it is easy to see the importance of air supply in i)roinoti!ig 
or stilling lires. 

Of this 10 lbs. of air, nearly 40 per cent, may be needed to bum 
the volatile matter which, as already slated, may rise from llic top 
of the fuel bed of a bituminous coal before time and temperature 
conditions have allowed it to become igniteil. It is possilile to 
recognise three zones in the bed of a bituminous solid fuel Inirning 
in a grate. When fresh fuel is placed on the top of a glowing fuel 
bed, decomposition w-ill proceed, allowing volatile inatlcr to be 
driven off, to be burnt or not, depending on whether it is ignited 
or not. Below this top zone the carbtinised residue or coke is 
consumed. On the grate bars air meets the glowing carbon which 
burns to COg according to equation (1). It has been found that 
when the fuel bed is more than about 4 ins. thick the whole of the 
oxygen of the air will have been consumed and that the giuses in 
the fuel bed consist of carbon dioxide diluted with nitrogen. If, 
however, the fuel bed is deeper the carbon dioxide so formed may be 
changed by reaction with the red-hot carbon to carbon monoxide as 
shown by equation (2). C COj = 2CD. This reduction of CO 2 
to CO is never complete and the extent depends on the character of 
the carbon and the temperature. The gases in the fuel bed will now 
consist of hot CO*, CO and N,. These hot gases rise from the 
middle zone through the top layer of fresh fuel which is decomposed 
and the volatile matter set free is swept away in the gas stream. 
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It will be seen that there can be an infinite variety of combinations 
of these three zones, depending on the composition of the fuel, the 
form of the fuel bed, and the conditi ons of air supply. At one 
extreme, an open grate will tend to minimise the middle zone and 
by providing free access of air to the volatile matter rising from the 
top of the fuel bed, will promote completeness of combustion. At 
the other extreme a gas producer provides a deep fuel bed so as to 
encourage the reduction of carbon dioxide to carbon monoxide in 
the middle zone. Comj)lGte exclusion of air above the fuel bed 
ensures that all combiLstible gas—'wlietliei CO from the middle zone 
or volatile matter from the top layer—will pass on to be consumed 
as fuel where required. 

Clo-sed domestic stoves in construction and operation lie between 
these extremes, provision of air above the fuel bed being made to 
secure complete combustion. The construction and working of the 
furnace of a Lancashire steam boiler provides an excellent example 
of the existence of these zones of combustion of a bituminous coal. 
The " primary “ air for reaction (1) is supplied below the grate 
while the " secondary " air to burn the volatile matter and carbon 
monoxide from the middle zone is supplied above the fuel bed. 

It is appropriate to point out that combustion processes may be 
influenced by the amount of oxygen in the atmosphere. Just as 
animals may be asphyxiated by air which has been more or less 
de])riverl oxygen, so will a combustion process be hindered or even 
stopped by a shortage of oxygen. This is exemplified by the 
extinction of a candle in a confined space where for any reason the 
atmosphere has been deprived of oxygen. On the other hand there 
are circumstances under which the atmosphere may be enriched in 
oxygen— e.g,, in the neighbourhood of plant where oxygen is manu¬ 
factured. Combustion then may proceed with unusual and even 
dangerous violence. For tliis reason it is sometimes found necessary 
to prohibit smoking in the neighbourhood of oxygen plants. 

The figures in the last line of Table I again draw attention to the 
importance of ignition temperatures. They differ widely and these 
differences determine the suitability of fuels for various purposes. 
The differeiice in ignition temperature, for instance, and not composi¬ 
tion or calorific value, is the deciding factor in the usefulness of low 
or high lemperature cokes fur certain purposes. A high-tempcrature 
coke, made in gasworks or coke ovens, is more difliciilt to ignite and 
will more readily go out than another carbonised at lower tempera¬ 
tures. These differences in ignition temperature are also related to 
the tendency of some fuels to self-heating—a matter of great 
importance in connection with the problem of storing combustible 
material of w’hich fuel is perhaps the most important example. 

(b) Wood as a Fuel. In tlie matter of firefighting, wood is 
probably the most important fuel. The ignition, continuance and 
extinction of most normal fires depends to a very large extent on 
the properties of wood or charcoal. Charcoal is the product 
obtained when wood is carbonised or decomposed by heat in the 
absence of air. Wood is extensively used as a fuel in well-timbered 
countries. The behaviour of wood from different trees when burning 
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varies, but there is little published information on the matter. 
Some years ago the Canadian Bureau of Mines noted the meagieness 
of accurate measurements and made some experiments on the 
burning of wood fuel in a closed domestic heating boiler. The fuels 
used were (a) hardwood (maple), and (6) softwood (pine). Each was 
tested both green and air-dried for two \^ears. The measured 
properties of the samples tested are given in Table II below. 

Table II 


Composition and Properties of Wood 



Hardwood—Maplk 

Softwood — Pine 


Air-dried. 

Srasiiiied 

2 yean 

Green. 
f.rasiiiKsl 
o mouths 

Air-dried. 

.Sr'.isnued 

2 ytrare. 

tlrt-en. 
.Si-asofied 
i' wu;kd 

Bulk [tensity—weight per cii. 





ft. Lbs. .... 

45-3 

53-0 

24-6 

0 

Proximate Analysis : 





Moisture 

111 5 

27-0 

10 5 

;4 T 

A.sh .... 

1-3 

1-2 

0-7 

O-J 

Volatile matter 

Cli-r) 

50-0 

73-8 

42-8 

Fixt'd carbon 

15-7 

12-8 

15-0 

116 

Ultimate Analysis 





Caibon .... 

410 

36-6 

47-6 

2 9-8 

Hvtlrogen 

6-1) 

7-4 

6M 

8-3 

Sulphur 

0-3 

o:\ 

trace 

trace 

Oxygen .... 
Nitrogen 

40-4 

51-7 

41-8 

60-8 

0-2 

0-1 

III 

0-2 

A.sh .... 

1-3 

1-2 

0-7 

0-0 

Calorific value gross IJ.'rii.lj. 





per lb. . 

7040 

6410 

8100 

5U0I) 

Air lor complete combustion 
of 1 lb. wood. Dry gas at 
(»0 deg. F. 3(1 ins. mercury, 





lbs. 

5-1 

4-4 

6-9 

3-7 

(lilto in cu. It. . 

67 

58 

77 

48 

Air for complete combustion 
of volatile matter in 1 lb. 





of wood, lbs. . 

3-3 

3-0 

4-6 

2-3 

ditto in cu. ft. . 

43 

30 

(JO 

30 

Fatio air consumed by vola¬ 
tile matter to total air con¬ 





sumption 

0-64 

0-67 

0-7H 

0-63 


It is interesting to compare the prnpcrties of tlic.^c samples wath 
those of the coals given in Table I. Tlie coals liavc calorific values 
almost double those of the woo<l, a difference assf)t:iated vvitJi the 
high content of oxygen and moisture in the wood. For general 
heating purposes woods are, therefore, low-grade fuels. 

So far as concerns behaviour in burning, the proximate analysis 
is of first importance. Even dry wood has a moisture content 
higher than normal coals. As this moisture must be removed 
before ignition can begin, wood^«spcciaily green wood—exhibits a 
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reluctance to ignite when first brought into contact with an incen¬ 
diary source. The wide rliffcrence in moisture content of green and 
well-dried timber is significant in regard to fire risk. Heat in 
quantity is required to evaporate water from the timber and convert 
it infij steam. This so-called " latent heat of vaporisation ” is about 
5i limes the quantity of heat required to heat the water from the 
freezing to the boiling point. This heat is absorbed without a corre¬ 
sponding rise in temperature and there is accordingly no ignition 
until thus large quantity of w'ater is removed. The advantage of 
drying firewood is well known. 

After the temperature has risen somewhat above the boiling point 

of water.say to .‘HiV F.—a marked decompo.sition of the wood 

begins with the evolution of large volumes of carbon dioxide, carbon 
nionoxide and water vajxjur, due to the deconipositic.in of the highly 
o-vygeiiated matter of which wood is comjjosed. In the region of 
fiTfi F. tills decomposition becomes violent, and, owing to the 
liberation of heat, may cause self-heating with an actual rise of 
tiMiiperature. Tiiis phenomenon is due to the fact that cellulose is a 
major con.slituent of wood, and cellulose undergoes " exotliennic " 
ilocomjKJsition at about 575^ F. When wood is heated in bulk 
in the manufacture of charcoal, this liberation of heat enables the 
later stages of carbonisation to proceed without external heating. 
It is |Missible that this spontaneous healing of wood plays some part 
in fire raising. 

The large quantity and the kind of the volatile combustible 
matter also differentiate wotul from other solid fuels. Taking the 
air reqiiircil for cinnbustion as a measure, the volatile matter, in the 
case of (.:(xils, is le.ss than 40 j'cr cent, of the total. 

Ill the samples of W[jod quoted, 03 to 7S per cent, of the total air 
concernul wa.s required by the volatile matter. As the volatile 
matter must travel in search of the air with which to bum, it means 
that woods must bum with long flames which are ideally lilted for 
jiroiiKiting the sjaead of lires. 

This cnmbustioii in long llames will be further encouraged by the 
high reactivity of the carbon in wood charcoal. Unlike coal, wood 
on carbonisation does rmt melt. The volatile matter is driven off 
at a low temperature, leaving the charcoal with the original porous 
cellular structure of the wot>d while the carbon itself is exceptionally 
reactive to oxygen, carbon ilio.xide and steam. Thus the ignition 
temperature of charcoal is below that of any coal or coke, so that 
it i.s easy to ignite and when alight must be cooled to a low tempera¬ 
ture to ensure that no re-ignition can occur when extinguishing 
a fire. 

Charcoal, as a le.sult of lIus high reactivity, will readily react with 
carbon dioxide according to equation (2) C -\- COj = 2CO and 
with water aciA^rding to equation (3) C -'r HaO = CO -f H^, thus con¬ 
verting some of the fixed caibon into combustible gas, which is in 
effect a further increase in volatile matter and causes a greater 
length of flame. 

The percentage of ash in wood is small but consists largely of 
alkali compounds which have the property of acceldrating tlicse 
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reactions and so further promoting the conversion of carbon into 
cnrnbustible gas. 

From these considerations it will be seen that the properties of 
wood—once the moisture is removed—all seem to conspire to 
promote ihe production of a long flaming fuel ready to burn and 
spread a fire quickly. It is the general experience that if a timber 
structure once get.s alight, the hre burns and spreads with great 
rapidity. 

The readiness with which dried wood will catch fire and develop 
a conflagration has led to many efforts to render the wood non- 
inflammable. These methods depend usually on impregnating or 
painting the wood with suitable materials of which there are many, 
such as borax, water-glass or sulphate, jdiosjdiales and other salts 
of ammonia, (ienerally the object is to provide a coating which 
])revents or hinders the access of air to the wood substance. 

S. SPONTANEOUS IGNITION OF ORGANIC MATTER 

The principal constituent of all organic matter—animal, vegetable, 
and also mineral fuel, is carbon, which .seeks to (umbinc chemically 
with the oxygen of tlie air. At normal air teni;i(Tatiire this tcnciciicy 
may be, and usually is, slight. It is true that the union of ox'/gen 
with the organic matter gives rise to a libenilioii of lieat which tends 
to w’arm the material, but the h»ss f)f heat to (he sniToundings may 
normally prevent any pcrinajient rise of temperature. SlK)iild the 
temperature of the material be raised, tlie rate of roinbination with 
oxygen and consccjueiit generation of heat will be increased. If this 
rise of teinpei'ature continues, a point may be reai lied at wdiich the 
cooling cannot keep jjace with the developnient of heat doe to the 
cliemical reaction for, in general, rise of temperature accelerates a 
chemical reaction more than the rate of cooling to the surroundings. 

When the cooling becomes inade(|u;ite to dissipate the heat 
developed, the material will begin to self-lieat and eventually burst 
into flame. The temperature at wliiclj tliis selMieating begins is 
called '■ the ignition tcmj)eratiire/’ but fjbviously it is ntd a fixed 
lernperature. It will vary with the conditions at the time, 'riiris, 
if the loss of heat by cooling is reduced by any nicans such as the 
use of heat insulation, self-heating will start at a lower temperature. 
Anything wdiich accelerates the rate of reaciiim will al.so reduce the 
ti injicrature at wiiich sclf-heaLing starts. The chemical structure 
of some materials is specially ])rone to oxidation, esjrecially tire 
presence of so-called " unsaturaterl bonds.” An atom of carbon, for 
instance, has 4 bonds or links with which it can be linked with other 
elements ; it can, for instance, have 4 atoms of hydrogen and no 
more linked to it. Sometimes in carbon compounds 2 carbon atoms 
are found linked together although neither has all its four bonds 
attached to other atoms. Neither is fully saturated, and between 
the pair of carbon atoms there is an ” un.saturaled double ” frond. 
Two links are vacant awaiting occupation by other atoms—especially 
oxygen. Where such a condition i.s found in a carbonaceous material 
the tendency to absorli oxygen is more marked. The absorption of 
oxygen and liberation of heat is intensified and the ignition tempera- 
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ture lowered. It is alwuvs possible for a combination of circum- 
.stances to lf)wer the if^oiition j)uint or temperature at which self¬ 
heating may start to normal air temperature, and then the material 
exhibits " spontaneous combustion." 

Many vegetable oils contain unsatnralcd bonds and are well- 
known for their readine\ss to take up oxygen from the air, sometimes 
accompanied by a marked change in physical character as showm, for 
instance, by the " drying " oils. Where such oils are used in pro¬ 
cessing textile libres, a jiroduct is obtained which is very liable to 
sj^oiitaneous comlnistion. fru' textile materials—especially w'ool— 
arc; among thi’ be<l heat insulators. f)ily textile material may 
reiidily absorb o.xygen and generate heat which cannot readil}' 
escape. 

In 11u‘ r ase of riew inown hay the material may undergo oxidation 
iind'M the influence of micro-organisins with the development of 
lie.'i i If tin: heat is not dissipated rapidly enough .self-heating may 
'M < HI. riie structure of a typical hay-stack does ntrt favour the 
I’vcaju- of heat nid under certain coinlitiruis the temperature may 
risi^ until the star k catchr-s liri\ 

( arbnn itself can be prepared in a form which will absorb oxygen 
so readil\- that when I'xnosed to cr)ld air self-heating takes ])laee 
until the carbon gli*ws and catches lire. Most coals, under some 
roufliiinns, will ahsorl» ox\'geii from the air at normal temjiLTatiin^s 
.so readily that self-heating will take j)lace until the coal catches lire, 
t ienerally sp(‘aking the mnessary condilioiis are tliat llie bulk of tin* 
nwil is large and the opinnluiiities for (li.ssi|)ating thi* heat of oxirla- 
tion ace small, 'riu'se condilioii> frefiiieiitly oerair in coal pilc.s 
where fin'l is [ilaced in storagr*. 

Self lu'aling may be initiated by local heating, as, for instanr e, 
by hot steam pi|)es near to coal bunkers on board sliip. Many ship 
tiri's can be traccrl to local oN'erheating. Conditions la\ouraljle to 
tiring o( coal are met in l oal mines—e.s|)eciallv thosi* which are dee]) 
and hoi, wliiMe freshly worked coal and linely divided coal arc 
expnseil to air. I'he cr)al surface is ready to absorb o.xygen and the 
couilitions iiiidergiouud are iiid'avourable to the di.ssipatioii of heal. 

h'roin these examples one can infer the general coiulitions cfindu- 
ciw In spoiitaiu-oiis combuslion, always Ijearing in mind that 
material which contains “ imsaturaicd " bonds will be predis])oseil 
to absoib owgeii anil initiate lires. 

6. IGNITION TEMPERATURES 

It will be noted that the words " ignition tein[)eratnre " in this 
chapter aie used with .somewhat dilienair meanings. In some eases, 
viz., llie " sponlaneoiis ignition teiiipeiaiures ” of an oil (|). 2u), 
the ignition tem|»eraline i f a gas (p. 127). or a soliil fuel (p. IS), 
all relate to ligiires oblainiMl when measurements are made with the 
fuel ill ihrei' diHerein ])ieces of aj^paratns, and the hgures are not 
coiuparable. In all these examples heat has been .supplied to tlir 
fuel to raise its lemiUTature to ignition and so the use of the word 
syMintaneoiis is rather unfortunate. 

In detining ignition tempera I lire provision must be made for 



CHAPTER 1 


THE PHYSICS ANP CHEMISTRY OF COMBUSTION 


iLjnition which takes place when no heat is deliberately supj)licd 
;iiid a general definition has been given on p. 23 to include al’ cases. 
S[)ontaneous ignition and combustion then finds its place at the 
extreme where absorption of oxygen at air temperature with con¬ 
servation of heat provides the ronditinns which sooner or later 
allow the combustible to catch fire. Some confusion of wonls is 
inevitable in view of the ditfercncc in fuels and observers who have 
used the terms with dilierent meaning. 

7. HYDROCARBONS 

(a) Liquid Fuels. (Vim|H>uji(ls of rarbini and hyilrngiai are In 
1)0 fniiiid in praotieally all useful fuels and in aiiiiinl .iiul \ egotabli’ 
matter. ComiiounJs of carbon and liyilrngi'n almie are called 
" hydrocarbons ” anrl occur as gases, li(|i;id> and snlirls at air 
leniperalure. The commonest class \> Lhf‘ “ j)arariin " hyilm- 
carbons. viz. methane (marsh gas. nr the liredainj) of the coa! mines), 
liuianc (|)roiiiinent constitueiu of " ealorgas the rt)mpoiieuts of 
petrol, kerosene or lamp oil, gas oil, anil ])eiroleiini Inljiicating and 
fuel oils. Another ini})ortam chess, the “ arf)mniic ” hydroi.»J'ons, 
include.s the components of the spirits and nils obtained from coal 
lar, viz. benzene, naphtha, na}»lillialene, eiensote. pitch, ele. On 
CDnihustion with .snllicient oxygen, all h\ dri>e:irbons yield carl)oii 
liiDxiile and water \ a]Join'. Taking the Inirning of benzene as an 
example, this is illustrated by erjiialioii (S). 

t-TT*:! - -i- i ■'^'^a'.aDJVDi.U. 

Ii 11 7 S uzs, 

in /laie .... (S) 

. (7J 4- 11) f (T'^i - Ii(l- -f i ’>») 

\' /l. ill i:u. 

11 . at 

NT.r.. 22-4 7-5 X 221 (»y22 * 0 x22-4 

11 L- M I IJ f 

leacliijii Ss,5;50 B.Th.U. libeialrd jut 7S (»/. ln-u/.r-iiu, lji 1S,IG0 B Th.U. 
prr 1 lb. Ill bcnzeriL'. 

The advantage of the u>e of chemical erjuatioii^ now ap]>art'nt, 
for the behaviour of matter ran be .set down in a convenient foraii 
which takes account of the coniposiiiuii —whetlier it be of elein(‘]it.s 
or comjiounds and h()we\'er eoinjilicated the iimha iile may be. J'lie 
heating value of J lb. of t aibon is 1 l.-lod Jf l'h.U. iml that of I 11). 
Ijcnzeiie is IS.Kji) B.Th.U. The liigli talorilii; vahii! i.s dm; to the 
large proporlioii of hydrogen in lieiizeiie. Ihe |jioj)ortion i>> still 
higher in the parailin hvdrncarboii> and acc<)r[JingIv they have still 
higher calorific value.-, as can be gathered by inspecliou oi the ligure^ 
given in Table III. In the lirsl four eoluinns are gi\eii certain 
properties of typical jietroJeuin oil^—all parafim hydrocarlions, 
Tlic last two columns give tlicse ]lro])e^tie.^ for inoLor benzole and 
creosote,bo til of which contain conijMinnds of aromatic liydrocarbons. 

It will be noticed lliUt the eom])osition of the jiaraffin hydi'o- 
carbons varies within rather narrow limits, and the same is true of 
their calorific values. The oils difler in density tjr specific gravity. 

The fire risk of a liquid fuel is maiiil} dej»cndeiU on its volatility 




THE PHTSICS AND CHEMISTRY OF COMBUSTION 


PART I 


Table III 


Liquid Fuels 







Ahomatic 

CompoMlion 

I'ANAIMS' MVliHOl AKHli 

N5 

IlviJKOLAHUONS 

IVlu.l 

K»*ri/s( ii< 

Ull 

Jliavv 
fiit-1 uil 

Mi.ilfji 

III IIZCjIi* 

Lreosule 


(.'irbi'ii 

s.'i :.i 


si;:4 

S(i-l 

!llli 

81I-0 

IJNilnigiMt. 

14-7 

i:Mi 

IJ-H 

ll'K 

S-l) 

7-1.1 

Sviljaiiir . 

■lej 

0! 

fell 

■ 2 \ 

OH 

ns 

SjMMiiiii. e'l.ivitv 

11-74 

Il-T'.l 

ii-ST 

0!l.'» 

ll-STS 

1-117 

C);ilririlii: vii.liit; ^lu^.s 







I! 'I'ti. 1]»[.T Ui. 

1 2IP,IJII 

: 2n.nr>(» i 

i III.TSII ! 

1 

! IS^'.IIMI 

IS.Inn j 

1 li.7iM) 

f' liish |iniiH . !' 


M.; 

1 j 

1 j 

i ■ 

! I’.’tii 

12 

Dvi'i l.7n 

SpnnOii)i'nij>i i.c;nili(iii 







Iniipr'riitiirc in oxy- 

Rrri flpp. 1^’. . 

i 7„. 

Til Ml 

r>L‘ii 

ollll 

! 

7.7(1 

S4I) to !);il7 


nr It'iifloiicv' tf> \ ;ii'Mri^c mikI no an I'xplosivr inixtiiri' with 

air. The “ lla^h |iuiii( " is usually taken as a .i^uiirle li» vnlatilily, 
TIu' ff)rnis nf a|iparalus um.h1 for ineasiirin^^ llash-|)ninl dilTcr, l)iil are 
all based mi the same prinrijile. The sample is healed in a cuj)— 
open nr eovored—and at intervals a llame is a])|)lied as th(‘ teinpeia- 
ture rises. I’^ enliiallv a teni|»erature is reaehecl at whieh a blue flash 
])asses over the surfat e nf the (»il and the cnnTsjioiulinp; leiiijieratiire 
is taken as the Hash pnint. fii order that the flash may ocr.ur, it is 
necessary tlial an explosive mixture of oil vapour and air is priiduced 
r»\'er the oil. It will lie seen that witli petrol and benzole this may 
happen if the fuel has a tcmjieraturc below the freezing point of 
water, wliereas a heav y fuel oil needs a tcmjicrature above the boiling 
jjoint nf water, h'lash ]ioints are usually taken as a measure of 
safety in storage, handling and transjxirt. 

The ease of ignitifin when nils are heated in contact with oxygen is 
another imjxirtant eharacteristic. especially in engine.s of the Diesel 
type. The measurement of the so-called spontaneous ignition 
temperature is one test used for the pur]H)se. A hollow block of 
metal is healed, while a stream of oxygen is passed through the 
chamber. When a dioi> of oil is allowed to fall into the chamber it 
may or may not burst into flame and the lowest temperature at 
which this hajipens is taken as the s|x^ntaneous ignition temperature. 
It will bo noticed that the figures for tar oils are much higher than 
those of ]>etioloum constituents. 

(b) Gaseous Fuels. All im|Hirtant fuel gases contain hydrogen 
or comixninds of carbon, usually with hydrogen, and sometimes 
dilutixl with incmubiNiible ga'^es such as iiitn^gen and carlxui 
dioxide. Methane (LlIJ, fuuud in nature and known to coal- 
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miners as firedamp, is the principal constituent of the natural gas 
wJiicli is evolved by petroleum oil wells. 

The composition and some important properties of fuel gases are 
given in Table IV. Most manufactured gases contain as essential 
com 7 )onents, hydrogen, carbon monoxide and methane, the properties 
of winch are given in columns 1, 2 and 3. Typical figures for manu¬ 
factured gases are given in columns 6, 7 and S. The main component 
of " l)ottjed gas " or calorgas is butane, and pure acetylene is 
supplied in dissolved form in cylinders for cutting and welding. 
Their properties are given in columns 4 and 5. 


Table IV 
Gaseous Fuels 




Simple Compounds 


Manufactured Fuels 

ComposUiDD 

Hydro¬ 

gen 

(1) 

Carbon 

mon¬ 

oxide 

c-i) 

Meth¬ 

ane 

(S) 

On lain' 

(4) 

Arpry- 

(5) 

foal 

gas 

(0) 

Water 

gas 

(7) 

Pro- 

rlneer 

g:u 

(S) 


_ 

_ 

_ 

_ 

_ 

•P)-4 

4!)-0 

'10 

Ciirboii inoaoxidc 

— 

— 

— 

— 

— 

lS-0 

41-0 

2''0 

]\lflhane .... 

— 

— 

— 

— 

— 

22-0 

0-8 

0-6 

Oxvpen .... 

— 

— 

— 

— 

— 

0-1 

— 

— 

Carbon dioxide 

— 

— 

—- 

— 

— 

4-0 

4-7 

6-0 

Mitrogt!!! .... 

— 

— 

— 

— 

— 

0-2 

4-5 

54-6 

Calorific value B.Th.IJ. per 









cu. ft. at 60 deg. K. HO ins. 









mercury moist, gross 

Hi!0 

31S 

095 

3240 

1400 

475 

205 

132 

Limit.s of inflammcibility. 
(Percentage of gas in mix¬ 
ture with air) : 









Lower 

41 

12'6 

63 

1!) 

2-3 

6 

6-0 

— 

Upper 

74 

72 

15 

8-5 

— 

31 

55-70 


Ignition temperature, deg. 



1 

880 

fiOO 




F. 

1070 

1180 

104.0 j 





The flame of a gaseous fuel may be obtained in several ways : 

(а) The gas may emerge from an opening, diffuse into the 
surrounding air with which it bums. 

(б) The gas, previously mixed, with part of the air for com¬ 
bustion—so-called “ primary air "—may, after partial combus¬ 
tion, emerge from an opening and complete the combustion with 
the outside “ secondary air,'' and 

(c) The gas and air may be led separately into a chamber 
where they ignite and burn—the system commonly employed in 
industrial furnaces. In connection with fire hazards the second 
method of flame production is most imjwrtant because explosions 
are not produced until both gas and air have mixed. 

Before a gas can burn it must meet and mix with sutticient air to 
enable combustion to be propagated through the mixture. There 
are limits of gas content tween which inflammability is possible. 
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The motorist is familiar with the requirement that a petrol-air 
mixture must be rich enough, but not too rich. The actual limiting 
percentages of gas in the mixture vary according to conditions of 
measurement, c.g., if the flame rises upwards through the mixture, 
the lower limit is smaller than if the flame must travel downwards 
against gravity. In general, when considering safety, it is the lowest 
possible limit of inflammability wliich is of practical importance. It 
will be noticed that the limits are not necessarily governed by the 
calorihc value of the gas. The lower limit for carbon monoxide is 
12-5 per cent., i.c., three times that of hydrogen, although both have 
virtually tlit^ same calorihc value. 

Nevcrtliclfss, it is generally true that vapours of the heavy 
complex niuJecule.s— e.g., vapours of benzene and petrol—have the 
smalhst lower limits. Thus mixtures of air with benzene (CjH,), 
petrol or butane (C^Hjo) which contain less than 2 per cent, of the 
vapour will yield explosive mixtures—a matter of great practical 
irnportaiice when considering safety precautions. A mixture con¬ 
taining about 5 per cent, of methane with 9.") per cent, of air is on the 
lower limit of inflammability of mine air. Tliis is a figure of great 
importance to the coal-mining industry, and safety demand.s the 
regular analysis of mine atmosphere and efficient ventilation to 
ensure that this figure is not overstepped. Safety lamps must be 
used, which are incapable of igniting a dangerous mixture. 

When a mixture of combustible gas and air is heated, a tempera¬ 
ture is reached at which the mixture will burst into flame. The 
temperature nece.ssary for ignition dei)ends on the gas in question 
and cdso on the cemditions. In one method for measuring ignition 
temperatures, the gas and air are preheated separately to the same 
temperature before they are brought together to see if they burst 
into flame. The lowest temperature at which ignition occurs is 
taken as the ignition temperature. A set of figures so measured is 
given in Table IV. 

After the gas-air mixture is ignited, the flame may travel through 
the whole mixture causing rapid generation of heat, increase in 
volume of gas and rise in temperature, and consequent rise in 
pressure with the well-known consequence of an explosion. 

In this connection it should be recalled that finely divided solid 
combustible matter behaves like a combustible gas. Dispersed in 
air and subjected to local heating, an explosion may be initiated. 
The volumes of mixture in industrial conditions may be large and 
consequently if such an explosion is produced, the consequences are 
disastrous. The best know’n example is fumrshed by the dust 
explosions in coal mines. Similar results may follow the ignition 
of a cloud of dust in many factories when dusty processes are 
operated, e.g., milling of flour and, indeed, any which depend on the 
fine pulverisation of combustible solids. 

B. THE STRUCTURE OF FLAMES 

When a ^as bums the volume of air necessary for complete 
combustion is always greater than the volume of the gxos itself and 
almost proportional to the calorific value of the gas. Thus hydrogen 
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1 cquires about volumes of air for 1 volume of gas, a coal gas of 
the analysis given in Table IV requires over 4 volumes, while benzene 
ie([iiation 8) requires about 37 volumes of air per volume of benzene 
vapour. The volume of air relative to the volume of fuel is always 
noticeably great—especially when solid and liquid fuels are burning. 
Where usclul combustion processes are in question these circum¬ 
stances always create difficulties. The larger the scale, the greater the 
difficulty of obtaining completion of admixture of air, and, therefore, 
uf combustion. Incomplete aeration of hydrocarbon flames reveals 
itself in luminosity and, in extreme cases, in the production of smoky 
ilaines, as exen plilied by the behaviour of an oil lamp. 

Some guidance can be obtained by considering the structure of a 
coal-gas flame obtained with a Bunsen burner. Suppose we light 
the burner and close the air ports. Ignoring the flickering caused 
hv air disturbances, it will be found that the flame really consists of a 
livdlow shell of flame filled with a cold mass of gas. This is uiiburnt 
gas rising up\vards and outwards in search of tlie air it needs for 
cumbustinn. The size and shape of the flame is dictated by the dis¬ 
tance and direction of travel necessary to reach the requisite air. The 
ij er region of this hollow shell is coloured yell' )W because some of the 
liy£irocarl)ons are decomposed with liberation of line ])articles of solid 
carbon which glow at the high temperature of the hot shell of flame. 

If the air port of the burner is now gradually oi)encd it will be 
?ec:n that the flame may at lirst be slightly enlarged because of the 
increased volume of mixed gas, but it will soon sliorten and lose the 
yellow cf)lour. The added air cause.s oxidation of the carbon, while 
ilie jjresence of free air within the outer shell makes it unnecessary 
for tlic gas to travel so far in search of air. I'here wall also appear, 
iirst of all near the base of the flame, what looks like a lining to the 
outer shell, bluish in colour, where the air is siiHicient to cause the 
separation of a second flame of partial combustion. Further 
increase of air su])ply causes this inner flame to shorten, grow more 
dee])ly blue in colour and then acquire a well-delined conical form. 
Indeed, it is normally referred to as the “ inner cone *' and the outer 
shell as the “ outer cone " of the Bun.sen llaine. The inner cone is 
really a zone of combustion of a gas-air mixture, a flame travelling 
against the stream passing from the Bunsen. It is maintained in 
position by this flow, and, indeed, il the rate of outflfjw becomes 
inadequate the flame will “ strike back " through the gas mixture 
hy an explosive movement on a very small scale. When tliis 
striking back occurs, the outer cone or .shell is extinguished and the 
gas mixture leaves the burner incompletely burnt. 

The construction of an ordinary Bunsen burner is such that only 
about one-half of the air required for the complete combustion of the 
gas can enter the air ports. In consequence, the gases di.scharged 
by a burner which has struck back are only half consumed and are 
rich in carbon monoxide and free hydrogen. This is equally true 
of the gases within a normal Bunsen flame, i.e., in the space between 
the inner and outer cones. 

What happens in these small flames gives some guide to the 
conditions in large flames. The difficulty uf geuing air into contact 
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with combustiV)le matter forces the volatile combustible matter to 
go far in search of air and is responsible for the long flames of a 
cr>nflagralion. In the absence of oxygen within the flame, the 
hydrocarVjrms are licated to decomposition, giving rise to tarry 
and sfMdy decomjxjsition products which are carried away by the 
flame—in other words, to the black smoke characteristic of the 
llnmes of carbonaceous material. 

SoriK? metals l>urn with the production of white smoke— e.g., 
zinc and magnesium. The.se metal.s boil at a relatively low tempera¬ 
ture—zinc at 1700° F. and magnesium at 2012° F., so that the 
flame is (iiie of metal dispersed in gaseous state. The product of 
cuinimstion is formed alstj in a disjiersed state as a fine cloud of 
inagiHrsinni oxide. Unless liuming material or its juoduct is in the 
ga.s[uii.s slate, no long flame is produced. It is a matter of import¬ 
ance to fire risk wlieiliera combustion process leatls to a long llaine 
or not. Solid renction.s, sucli as the thermite reactions accompanied 
hv tlie rvolution of heat without the formation of much gas, produce 
little 01 no flame. 

9. BACK DRAUGHT 

Where combustion is taking place on a larger scale, there is alw^ays 
danger ranging in degree of gravity from the development of 
ex|dosive mixtures of ga.s and air. Even if the ex|)losion is not 
violent it may suthce to drive a flame back and bum persons 
nearby. A good examjjle is furnished in steam boiler practice. 
When a Lam ashiro boiler is shut down overnight or at meal times, 
the fuel l)ed may be covered with raw fuel. Under the influence of 
heat, gas will be given off and drawn by the slight chimney draught 
iiiio the flues. When the time comes to start up the boiler, if the 
dam|ier is incautiously tr])ened there is danger of air ex])losiiiTi in the 
flue system with consequences wliicli may vary iioTn minor burns to 
the liremaii to a ver\' deslnictive explosion. In sucli rases, there wall 
have accunivilated gas-air mixtures which, in coinjiusitioii, ajiproach 
the appiojniate limit of inflammability. The opening of the damper 
allows the inni.sh of air, tninging the mixtures within the range of 
innamrnability and only a flame or spark may l)e necessary to cause 
ignition. It should be remembered that great damage can be caused 
by the inilainmalion of weak mixtures when the bulk is large. 

Analogous phentunena ran occur in burning buililings, if circum¬ 
stances allow' ]»ockets of mi.xtures of air and unigniled combustible 
gas to accumulate. WikkI, for instance, decoinpuses to give gaseous 
pioducts at quite low tLinperatures. Some materials such a.s 
celluloid are even more unstable. Coal gas may escape. Hydro¬ 
carbon oils c.'iperially, such as petrol or naphtha, may readily give 
rise to rich mixtures of air and vajniur. An inrush of fresh air from 
any source or cause, wall bring the mixture into a dangerous con¬ 
dition, givingri.se in the mildest cases to a return of flame against 
those nciir the tire. The hot gases in a burning building, being 
lighter than air. provide inward draught just like the chimney of 
the boiler and only aw'ait the opening of a door or window to draw 
in dir, suliiaeiit to produce an explosive mixture. 
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I N the previous chapter, the chemical reactions which produce fire 
were described from the scientific viewjioint. It is now proposed 
to relate this knowledge to the subject of fire extinction, and to refer 
to tiie various methods at present employed. 

It has been shown that three factors are essential to combustion, 
namely : 

(fl) The presence of a fuel, or combustible substance. 

(6) The presence of oxygen (usually as air) or other siipportei 
of combustion. 

(c) The attainment and maintenance of a certain ininiinum 
temperature. 

hire extinction, in principle, consists in the limitation of one or 
more of these factors, and methods of fire extinctifjn may thcaiore 
be conveniently classified under the following headings :— 

1. Starvation, or the limitation of fuel. 

2. Smothering, or the limitation of oxygen. 

3. Cooling, or the limitation of trinperaturc. 

In practice, specific methods of fire extinction often eml)ody 
more than one of these principles, but it will be convenient to con¬ 
sider them according to the main princijde involved. 

I. STARVATION 

This method is applied in three ways :— 

(a) By removing combustible material from llie neiglibour- 
hood of the fire ; Examples of this are, tlu* ilrainage of burning oil 
tanks ; tlie working out of cargo at a shi|) fire ; the dianrjliiion of 
buildings to create a fire stop ; the cutting of trendies in peat, 
heath and forest fires ; counter-burning in forest fires, etc. 

(&) By removing the fire from the neiglibourhood of 
combustible material as. foi iirslance, pulling apart a bui ning hay¬ 
stack or a thatched roof. 

(c) By subdividing the burning material, wlnm the smaller 
fires produced may be left to burn out or to be exiinguir^lied easily 
by other means. A typical example is the ernul-itn alion of the 
surface id burning oil, whilst the be.iting of .i licalli lire uwe^. iiuidi 
of its effectiveness to this. 

2. SMOTHERING 

(a) By Reducing the Oxygen Content. If the rixygen content of the 
iiiuiosphere in the immediate neighbourhood of burning material 
be sufficiently reduced, combustion will cease. Tlie general 
procedure in meihod.s of this type is to prevent or impede the 
access of fresh air to the seat of ilie lire, and allow the combus- 
’ioii to reduce the oxygen content in the confined atmosphere until 
it extinguishes itself. This principle is, of course, ineffective 
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where, as in the case of thermite, the burning material contains in 
itself in a chemically combined Irom the oxygen it requires for 
combustion. 

The principle of smotliering is employed on the small scale in 
snuffing a candle, and. f)ii I he large scale, in capping a burning oil 
w'ell, two processes which are precisely analogous. The battening 
down r)f a. shi|)’s hrild when a fire lircak? out below' dcck.s wall often 
hold tlie flames in rilieck until j)ort is reached. 

vSmall fires, sudi as those involving a person's clothing, can be 
smfjlhennl w'itli a rug, likmket, etc., while the use of sand or earth 
on small fires is a further instance of the same principle. 

An inii)ortant practical application of the .smothering method is 
the of foam. Tliis forms over the burning material a viscous 
coaling W'liicii, in so far as it is conijiletc, limits the supply of air. 

Aiir)t!ier class of smothering agent may be described as tem|)orary 
in its blnnkeiing eliect. Thus the vigorous discharge of an inert 
gas or vapour Ii. die iininediiUe vicinity of tlic lire may so reduce the 
oxygen iiontiriit of ihe atmospliore forliic time Vicing that combustion 
Ciinnot be iiiaiiitained. Carbon dioxide and metiiyl bromide vapour 
arc iainiliar exairijilfs of this. With fires of any magnitiific, how'- 
e\’er. ihe. convection ciirrmts ^-el np arc siiniciently ]) 0 \\'erful to 
dis.sijiale. the inert aimo;s|flnTC frnincd by the api»lication of a gas 
lilankct liefore the e.xfingnishing at'tion can take effect. The 
apjiliratinn of certain of tlic>e !n(:dia in the form of a liquid which 
is then va[)orised by the fire, thus forming tlic re(]iiired inert atmo- 
splifTe, is more likely to prove effective, particularly as a cooling 
el feet is also operative. Sec .section on Cooling. 

(b) By Excess of Oxyj^en. The methods of fire extinction so 
far men tinned in the pre.sent section depend on ret/ifcinf^ the oxygen 
content of the supporting atmosphere until the upper limit of 
combiistinn is exrcx'detl. It is jK>ssilde in certain cases to employ 
the reverse jirocess, that is to [lass so much air across the burning 
material that tlic !(mver limit of coinbuslion is traversed and burning 
reases ihrongVi a local deficiency of fuel (or excc.s.s of oxygen). It 
is well known that a certain draught is essential to rapid combustion, 
but w'hen the most suitable rate of air supjdy is exceeded combustion 
is iiniieded, and. in the limit totally inhibited. Thus, wdiile a gentle 
ajiplicatinu of the bellows to a coal fire will facilitate hiiriiing, the 
ajiplication of the same draught to a candle will cxtingui.sli it. It 
is by the application of this principle that oil w’ell fires are extin¬ 
guished by the blast from exploding dynamite. Such techniques 
do. of course. nl.so involve to a considerable extent the cooling 
principle treated in the next section. 

3. COOLING 

If the rate at which heat is generated by combustion is less than 
the rate at which it is dissipated through various agencies, the 
coiul)ustion cannot persist. In applying this principle to fire extinc¬ 
tion the first step is to accelerate the speed w'ith wliich heat is 
removed from the fire, thus reducing tlie temperature of the burning 
mass and as a consequence tlie rate at which heat is produced. 
31 
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In due course the rate at which heat is lost from the fire exceeds the 
rate of heat production and the fire dies away. 

This method of fire extinction is the one most commonly employed, 
forming as it does, the basis of the application of water and other 
liquids to burning materials. The extinguishing medium operates 
by absorbing heat from the fire, as a consequence of which it may 
undergo one or more of the following changes :— 

(a) Its temperature is raised; 

{b) It is converted to the vapour state ; 

(c) It is decomposed : 

(if) It reacts chemically with the burning material. 

It is clearly desirable that the quantity of heat required to produce 
any or all of these changes in a given quantity of an extinguishing 
medium should be as high as possible. That is to say, referring 
sjiecilically to the above headings, that the following values should 
be as high as possible :— 

(i) The amount of heat absorbed for any given increase in 
tein})eratiire (the thermal capacity). 

(ii) The amount of heal required to vaporise a unit weight of 
the extinguishing medium (the latent heat of vaporisation). 

(iii) The amount of heat required to cause the dc‘c:oini)Osition 
of a unit weight of the extinguishing medium (the heat of 
clecrjinposition). 

(iv) The amount of heat required to cau.se a unit weight of 
the extinguishing medium to react chemically with the burning 
material (the heat of reaction). 

The action of water depends predominantly on (i) and (ii), the 
liitter being by far the more irnj)ortant. Thus it takes about six 
times as much heat to convert a certain weight of water at its boiling 
point into steam as is required to raise the temperature of the .same 
amount of water from the usual atmospheric value to its boiling 
I>oint. In the interests of efficiency, then, it is clearly dr^sirable that 
water should be applied to a fire in the liquid condition and in such 
a way that as much as pos.sil)le is converted t • steam. The smother¬ 
ing effect of the steam produced at the seat of fire is thought to play 
a part in assisting in the extinguishing process. In all tirefighting 
operations where water is in use it should be the aim to ensure that 
the proportion of water which escapes from the building in liquid 
form to* that which is applied should be as low as fK>ssible. When 
the heat of a fire is considerable, as in its early stages, the steam 
formed will not be visible, but as the temperature falls the steam 
will condense above the fire. This is widely recognised by experi¬ 
enced fire officers as a sign that a fire is being brought under ccjntrol. 

On a basis of thermal capacity and latent heat of vaporisation, 
water is an excellent fire extinguisher, .since both figures are high. 
This fact, combined with its availability in large quantity, make it 
by far the most useful fire extinguisher for general purposes. The 
principle of decomposition probably has little application, as 
water is fairly stable except at very high temperatures. Certain 
substances (e.g., carbonates) absorb heat in this way, but the prin¬ 
ciple is not of much practical consequence at present. Nor is water 
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usually effective in absorbing much heat by reacting with the 
burning substance. Some extinguishing media may in certain cir¬ 
cumstances prove dangerous in this connection, their reaction with 
the burning substanre resulting in the evolution rather than the 
absorption of heat. xMoreover, the reaction may result in the pro- 
duction of a substance which is itself combustible, thus adding fuel 
to the fire. I'lie action oi water on burning mrignesium exein])lifies 
both Ihese effects, since it rcar ts with the metal exoiliermiralJy (z.g., 
producin/^ li(!:n) with the hmialion nf hydrogen, which is readily 
ignited. In the ca-e of other media the reaction products may be 
imdesiraide in oilier senses, as in the case of carbon tetrachloride, 
which uruler certain conditions may evolve phosgene, a highly 
poisonous gas. 
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METHODS USED BY THE FIRE SERVICE 

T he principles underlying the methods einplo\'od in extin¬ 
guishing fire liave been dealt with in the two j)revioiis cliapti.ns. 
Here it is proposed to show ver)" brielly how each of these pi incipies 
requires the use of specialised Fire Service equipment, which will he 
(It scribed in detail in subsequent chapters. 

The primary aim of the Fire Scrvuce is first to save life, tlien to 
extinguish fire. S])ecial types of ladders, such as cscajjes, whic h can 
be rajjidly slipjted from the appliance and moved inlo j)osiiii n have 
been in use for many years, as have hook ladders designed for use 
where an escape or other type of ladder cannot lie cTiijdoyed. 

Rescue work requires the use of lines of ]>n)ved strenglh and has 
led to the development of special types togctlier with such ancillary' 
(.'quijiTnent as slings and hooks. 

Since the most generally ajiplicable method of cxtinguisliing fires 
employed by the Fire Service is by cooling, water is extensively used. 

To prove effective this water must be projeclcMl on to the heart 
uf the fire. If small quantities onl)^ are required the necessary force 
may he obtained by chemical means, as in the soda acid cxiinguislier, 
hy the release of stored-up meclianical energy as in the coni|)ressed 
gas capsule type of extinguislier, or hy manual work such as w(jikiiig 
the Imndle of a stirrup pump up and down. 

Alternatively, where the fire is too large to handle by these 
iii( ans and greater quantities of water are iii'cessary fur its extiiic- 
tiuri, mechanical methods of inipariijig the net'cssary energy to 
dio water must be empkwed. l*umj)s may be driven by iuienial 
' ''inbustion engines or by steam or electricity. A few " steamers " 
are still in use by the Service ; electricity as motive jxjwer is re¬ 
stricted to stationary units emjiloycd in lixed firctighling inslalla- 
ti ons. The vast majority uf tlie jjuinps in use are rhiveii by an 
internal combustion engine. 

To deliver the w^ater where it is required, hose mast be used, and 
numerous fittings of different types are necessary to couple up the 
iiose and to deliver the desired quantity of water on to tlie fire 
and wherever the lire may be, often undur didicult cnnrlitions of 
access. The form ino.st suital)Ie is in jets of various >izes or in the 
hirin of spray, etc. This involves the use of an extensive range uf 
branches, nozzle.s, adaptors, couplings and other similar geeir. 

Fire fighters must be enabled to apjjroach the lire irresj)ectivc of 
its location. This may necessitate the provision of ladders, cscapc-s 
and a miscellaneous assortment of gear for breaking in and cutting 
^iway. Thus the necessity fur obtaining access to liigh buildings and 
directing jets of water on to the fire from above or to jjrotect the 
roofs of property has led to the dev'clopment of such appliances as 
the turntable ladder. Various forms of padlock removers, door 
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breakers, axes, saws, crowbars, etc., form part of the equipment of 
every well-appointer] fire appliance. 

PoisonrJUS atmospheres which hinder approach to the fire or make 
search impossible have led to the development of breathing 
aj)parritiis wiiich will enable the wearer to enter and work in safety 
in an unbrcathable atmosphere. Operations at fires at night, 
exf L-pt lUKh r w;ir conditions, require that adequate illumination 
sli:i]| be available, and the Fire Service therefore provides lights for 
all jjuri'ijscs. 

Sijocial tyjjcs of fires such as those involving liquids lighter than 
water i MTin ut be dealt with by means of water jets, and specialised 
eqiiilJTiit'iii such as foam making branches and certain types of 
einulsifyinK equipment are used in fixed installations and spray 
iiozziis (jn afii'liaiiees. Chemicals stored in cylinders under pressure 
fjr which can he ejected by the release of pre.ssure such as CO^, methyl 
brrjmidt, .uid carljon-tctrachloride are widely used. The provision 
of rubber gl»)ves and shorting gear for overhead wiring is a direct 
fnitcnme of the need for protection against electrical dangers. Fires 
in shij's or in ilockside premises require s[)ecial treatment and fire 
Ijoals with their iiarticulariscd equijuiient, such as rocket pistols 
for getting lines ashore, have been developed. 

I'iie jJi (jvisiori nf adequate water siijiplies for firefighting, although 
firiginally the fiinclinu tjf tlie water authorities, and sometimes a 
|jjr»i)lein even in peai e, has lieen rendered infinitely more difficult by 
war. 'file resjjonsibility for providing supplementary water lias 
been Ihiown on the Fire Service, and many types of supply have 
been rleveloped. Access to streams, rivers and lakes has been 
improved so Ihat ajjjiliances may set in, and methods have been 
developed such :is mobile dams and water relaying for using these 
siqjpiics to make gootl deficiencies at a distance. 

Ill aLltlitiun to the m.iny classes already listed, much other equip¬ 
ment, ]iarticularly that known under the general heading of “ small 
gear.” has been developed where its use has been found of value. 

Ill general, however, over-specialisation is to be deprecated. The 
development of one jiarlicular item of equipment capable of carrying 
out one operation only, however efficiently, involves the stowing of 
much material which may be used but rarely. Soundly designed, 
well cartel for apparatus ciqrable of a wide diversity of uses will 
inevitably prove more suitable and, over a period of time, more 
irllicieiit. 
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HOSE 

ITS consthuction, care and maintenance 

I N this chapter it is proposed to describe the various tspes of 
hose, both delivery and suction, which are in gener al use in the 
Sen'ice. 

Hose may be divided into two main groups :— 

Delivery hose, used where the water passing through it is at 
pressures above that of the atmosphere. 

Suction hose, used wliere the water jiassing through it may 
he under pre.ssures either below or above that of tlie atmosphere. 
This first group may be subdivided into ;— 

1. Woven types of hose—flax, cotton, etc. 

2. Composite types, part fabric and i)art rubber, such 'ds 
duck-covered rubber hose and first-aid tubing. 

3. Rubber hose or tubing used for washing down and (dher 
similar uses. 

The second group includes the various types of arinuurc ] ’.ose, 
cnn.slnicted to withstand external j)re.ssiire. 

DELIVERY HOSE 

I, WOVEN TYPES 

(a) Materials Used. Tlie first hose used w’as made d leallier. It 
\v:u^ made only in slinrt lengths owdng 1o its great weight, .lud this, 
added to the fact that it had to be periodicallv giiiased to keej) it 
j liable,made it very dilTicult tohandle. The ho.se was riv’et(‘(l llirough- 
I'Ut its length (Fig. 1) and replacing 
a rivet in the centre of a length was 
a major 0 ])eration. The rivet was 
first inserted, then a mandrel was 
passed into the hose to act as a 
seating for the rivet w'hile the 
washer was put on and clinched. 

Leather hose is occasionally em¬ 
ployed in modified form for 
" flexible ” branches used wOicn 
working from a ladder. 

Following leather, came flax (woven) hose, rnanufacUiied first in 
Scotland in 1850, the quality of the hose lieing steadily iiiiiauved 
with the developiment of the necessary weri\ ing jilant. 

Unlincd hose can be made with varying degm s f)f success from 
ramie, cotton, hemp, special!}’ processed jute, and some (dhtr less 
well-knowTi vegetable fibres. 

(i) Hemp. Hemp as usually available makes a very stiff hose, 
and one w’hich is subject to rapid deterioration in use. It lias been 
found that a hemp w^eft witli a flax warji makc.-^ a hose of fair quality, 
but only wdien soft hemp of the best qualit}' is used. 

hi) Cotton. Cotton has only been used exnerimentallv for 
unlined hose, and the experiments have not been successful. It is 
extensively used for rubber-lined hose and the major quantity of 
this type of hose now has a cotton jacket. 
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(iii) Ramie. Tills fibre, prepared from raw 
nialeriiil derived from Cliina, East Africa, 
Ef^^ypt or Assam, makes a first-class unlined 
bfise, but nn-y when the fibre has been de- 
pjiinuned, and, if necessary, further processed 
In such a det^rec of iiiirity that it may be 
readily spun. Ramie is probably the 
stmiijL^est ve^^etable fibre known, but in 
]<rf-sent conditions it is very difficult to obtain; 
its cost is unduly hiyli ftjr this reason, and also the proces.sing is costly 
owing to till- f|iiantii\’ iif eiiin ami other impurities to lie removed. 

Due in lilt* great inluTeiit strength of the fibre, a ramie jacket has 
bt en loed during the last (10 years where great strength ha.s been 
rerpiired, iuit tiio libre used for (hese special orders was incompletely 
degumrneil and w<ailcJ iirU have lieen satisfactory in an unlinetl hose. 
The .'itreu ;lli of ramie is due to three reascnis : (a) the great inherent 
srnaiglh of the iJumate fibre sirarid ; (/;) the adhesive strength of 
the giiiii conli'ut of the plant, and (r) the guin.-«. do not readily 
ihgeiK-rale in strenglii. They pos.sess certain jjreservative qualities 
which are (tssenlial for some needs. Ramie hose is used to some 
I'xleiit on till' (.'miliiu'ut of Europe. More recently good quality 
rainie inilined linse has been ciuistnicted in the cour^e of ic\peri- 
mental work carried nut under the dina'lion of the flume Onfice. 

(iv) Jute. This is a coarse libre which is not used for the manu- 
faidiire of hose, tliougii new nn-tluuls of jimcessing tlic Idu'e indicate 
that unliiied hose of usable (piality could be made if necessary, 

(v) Synliiciic fibre. A considerable amount of work has been 
done ill making unlined hose from niynn fibres. None of the samples 
of hose so far ublained has jiroved of usal>le quality, but some few 
of the ex|>( rimeuts have been sufliciently |)romising to justify 
further developiniMif work and if is possible that a composite hose 
luaile from special rayon fibre in conjunction with llax or hemp 
and col ton will ultimately l)e found cajiable of extended use. 

(vi) This has lieeii th'.* standard h\)re used in the manii- 
faclure of uiiiined fire hose fur many years jia.st. 

Trior to the second world war the great ljulk of llax employed in 
this country was iiujmrted from Europ.e. Home-grown supplies 
tiave now rcjilaced llu* bulk of these imports. 

(b) Ci)nstruct/on. The fabric of caiiva.s hose consists of two sets 
of \'aius lunuing at right angles lo each other (Fig. 2), those running 
lengthwise being called the “ warp threads " and those running cross¬ 
wise the " weft till cads." Wliilst eacli warp yarn almost invariably 
conslsis of a .single thread only, the weft yam may vary from a 
single up to a.s m.inv as twenty or occasionally more threads. 

The warp or longitudiiuil threads in hose are those tliat give it 
durability to resist wear and tear, while the weft or cro.sswise threads 
resist the tendency of water pre.s.sure to burst the hose ; this explains 
win they are thicker than the warp threads. 

Hose is woven in two ways, i.c., “ plain" and "twill." In plain 
woven hose (Fig. .‘i, left) the warp thre.ids are woven under one and 
over one, througiiout the fabric. This type Is generally used for un¬ 
lined hose. In " twill " woven (Fig. 3, rigJU), the warp threads are 



Fig. 2- Sketch sliDwing 
“warp" and “ weft “ 
threads. 
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vvoven on the principle of over two and under one ; such fabric is 
indisputably stronger and more pliable, but less w.'iterti,i:lit than 
plain woven hose ; it is usually manufactured, llierefore, for lined 
hose. Whilst in a destruction by pressure test on “ jdain ” woven 
hose it is almost invariably the weft that breaks, in circular twill- 
woven hose there have been many instances of a warj) and weft 
break occurring in the same short length. In short lengths of new 
hose tested in a enniined trough of 27 in. radius the warj) always 
breaks at about 50 per cent, of the average bursting j)uint for tlie 
same hose when tested straight. 

After hose is woven it is sometimes given a zinc-chloride treatment 
known as " burnettising,*’ the object of this being to reduce suscepti¬ 
bility to mildew and to add to its softness and llexibilUy. There is 
a wide divergence of opinion as to the value of this treatinenL. 

(i) UnJined Hose. Unlined hose is w'oven on either flat nr circular 
looms. The former are well established and produce a satisfacb^ry 
standard article, and the latter, whilst not I'opie.s of the original 
k'om. have been brought to a great pitch of perfcLtion in Am* rira as 
well as in this country. Tl;e oiUput of the circular loom is larger, 
and it cannot be disputed that the circular loom can weave a hose 
caj)atjle of withstanding much greater pressures, but there are 
arguinents in favour of each type, and both ty]>rs have proihn eil 
lire hose wliich is in daily use. Other factors btdng LMjual. hose 
woven on the flat i.s weaker generally, and in ])articu!ar at the 
.selvedges or longitudinal creases. 

Tiie main e.ssential in selecting unlincd hose i.s to ensure that it 
lias sufricieiit ])ressure“resisting strength tt) witlistarnl the inaxiniiini 
pressure to wdiich it i.s likely to be subjected in service, j'liis an 
allowance for wear and a safety margin. 'Hie nc.xt essential is to 
see that tlie canvas is woven rea>imal)ly light, that is, it shriuld have 
only small leakage when under [pressure ; it i.s jios.sibli^ for inanu- 


facturer.s to ])nuliice a hose that is jmiclically w^itertiglit, but this 
has the disadvantage that it is almost intlexilile, is easily damaged by 
ehaling and tends to break when kinked. 

A well-designed unlined hosi‘ will leak at lir.'-t, but as the fabric 
liecoines saturateil witli water the threarls of the falnin swell anti 
lender the hose lu-.trK’ walerliglil. This swt lliii;:.', i■^ to a great 
extent retainiMl alter use, so that wiii-n ilif huse has been used 
and dried several 

times it leaks ■ i i i M= i r r. >. . u riui.) 

much less than at 
the first time of 
using. 

(ii) Rubber-lined 
Hose. As leakage 

from even the best J r l.Vy l ' H;' ^ ^ f i 

:.,irabie 



of unlined 
a very unde; 
matter, rubber- 
lined hose is be¬ 
coming mure ex- 
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The process generally used for lining hose with rubber is bricfl}' as 
follows :— 

First a good quality rubber tube of the correct size is made, and 
is then partially vulcanised to harden it and to prevent distor¬ 
tion while it is being inserted into the hose. After this it is wrapped 
with a tliin sheet of black rubber termed “backing"', which is easily 
soluble when heated. The flax or cotton hose is laid out at full 
length in a s|)ecially constructed trough and is held in position 
W'hile lIjc jjrcjjared rubber lining with its “ backing" is drawn into it 
by fueaiLS of a line. When the lining is in position one end of the 
hose is connected to a steam pipe, the other end being blanked off 
e.KCC|Jt for a small drain cock. The hose is then put under steam 
pressure, the heat of which softens the black soluble rubber and 
cause-^ the rubber lining ])roper to become fused to the hose, also 
completing the vulcariisiiig. The approximate steam pressures used 
are 2b Hjs. jjcr sq. in. for the first 30 minutes, after which it is 
increased to 50 lbs. per sq. in., which pressure is maintained 
for jierirjds uji to one hour. These pressures and times are varied 
acfDrding to the accelerating agent that may be used in the soluble 
rubber. 

An altoniiitive method of lining hose with rubber has recently 
been developed, but is not as yet widely used in this country. This 
nielhotl is brieily as follows :— 

Hose is treated in lengths of about 100 ft. at a time. The length 
to be lined is (iglilly .stietched in a special chamber between screw 
grijis whii'li control ihe tension of the hose. Rotating wires, to 
which aiL* iiLtiiclied rubber bru.shes, are passed through the hose and 
over rollers at each end so that the brushes can be drawn through 
the hose in eitlier direction. A .suthcieiit quantity of rubber solution 
is then blown uiio the liosc by compressed air and distributed evenly 
throughout the length by the rotating brushes, which also draw out 
any excess .solution. This proce.ss is repeated until a lining of 
sutlicient thickness is achieved. About five hours is taken by this 
method to dejiosit a lining of from in. to in. thick. Vulean- 
isaLioii is aceoiiijili.slied by blowing hot air (at about 300° F.) 
through the hose for a period of aj)proximately forty minutes. 

Tilt* cost of lined hose—from 75 per cent, to 100 per cent, higher 
than that of unliiied hose—is a serious item in the cost of equipment. 

(iii) CoHon-jacketied Hose. Owing to limitations in the supply of 
flax, entti 'U-jackcltcd lined hose has been extensively adopted. The 
chief disadvantages of cntron-jacketted as against iinlined liosc arc 
that it is heavier, it occupnes more .‘=pace, it does not handle so readil}?, 
and tlie initial cost is greater. The advantages arc that it docs not 
allow lo.ss by I'crcolation, it reduces water damage, it is h^’^draulically 
more ciVicient and it is very much better wearing. 

In America cotLon-jacketted hose, which is almost exclusively used 
(although it is replaced to some extent by flax unlined hose for forest 
service) is usually double jacketted. The purpose of additional 
jackets is twofold. 

(i) To protect the hose proper against damage. 

(ii) To strengthen resistance to internal pressure and tensile 

strain. 
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For this purpose the outer jacket or jackets should he stronger 
than the inner jacket. Additional jackets add to the weight and 
bulk and reduce flexibility, and, when the inner hose is damaged, 
repair is made correspondingly more difficult. The single jacket ted 
hose which has been issued in large quantities to the Fire Ser\ ice 
in this countrj^ is manufactured in the manner already described. 

(c) Characteristics of Hose, (i) Percolation Losses in UnlineJ Hose. 
Test.s carried out on short lengths of IJ-in. dia. unlined hose showed 
considerable variation as between two samples, but tlie ligurcs 
given in Table I might be accepted as giving a guide to losses in 
gallons per minute per 100 feet in hose of this size after it has 
been in use for approximately J hour. 


Table I 


Pressure in lbs. per 
sq. inch. 

25 

50 

75 

100 


Loss in gjillons per 
minute jkt 100 feet. 

•103 

■155 

■206 

■469 


A similar scries of tests carried out on a number of samples of 
2|-in. diameter unlined hose again showed that very considerable 
variations occur. An average taken for a number of si^ecimens 
tested showed, however, that the rate of percolation tended to 
decrease witli the length of time and to increase with rise in j)^^ssure. 
After it has been in use for approximately i hrair, 22-in. diameter 
unlined hose should not lose by percolation niijre tliari gallons 
[ler 100 ft. per minute at 100 lbs. per sq. in. A well-inanufaclureJ 
may be expected to lose only as little as half this qiiantiLy. 
Percolation increase.? crm.siderably with rise in prcssine, as is sin)wii 
in Table II, Tlie results are for new 22-in. diameter hose completely 
saturated witli water. 


Table II 


Pressure in lbs, per 
sq.inch. 

20 

40 

60 

80 

100 

120 

140 


Loss in gallniis per 
minute per ll)() feet. 
■027 
•136 
•441 
■999 

1- 722 

2- 62 

3-64 


(ii) Expansion of Hose. When hose which has been laid nut in a 
straight line is subjected to water pressure it increases in length. 
It is this increase which causes charged hose to "snake." When 
the pressure is taken off, the hose resumes its previous length. On 
tests of a number of samples of new unlined 22-in. diameter hose, 
the percentage increase in length at pressures greater than 80 lbs. 
per sq. in. was about 1 per cent, per 30 lbs. per sq. in. rise in 
pressure. A mean value for the increase in length of 100 ft. of hose 
when charged to 100 lbs. per sq. in., as compared with uncharged 
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hose would be about 0 
ft., although individual 
samples may range be¬ 
tween 2 ft. 6 ins. and 7 
to 8 ft. 

This increase in lengtli 
emphasises the inadvisa¬ 
bility of straightening out 
charged hose. Should a 

|b) spiral L;r,din(] of tjnvjs Idvers i .1 i i i 

, .... fj u length burst and require 

f-jp. A. Skf;Lr.li sliow.np construction of duck- \ 1 ^ 

covered rubber hose and first-aid tubing. changed the con¬ 

traction of the line on 
reic:i -e ol |)re- -.ijre would pull the couplings of the lengths at either 
end > 1 ) f'lr upai t that a new length could not be connected up. 



3. COMPOSITE TYPES 

( 0 ) Diameter Duck-covered Rubber Hose. Thi.s hose was 

(levelojKvl lar!.;nlv for lirst-aid lirelighting. Owang to its .smaller 
(liaineleT it n-quiies less water iniiiaily to charge it, it is non- 
pormis, aiul iiciu'e its use results in decreased water damage, whilst 
it is less expensive than nihher-liiied woven hose having the same 
perforinarii e. Its disadvantages are that it is rather heavier and 
that il is inure bulky tliari iinliiied hose. 

The hose is manufactured in 6i)-ft. lengths. It consists (Fig. 4) 
of an inner rubber tube of tlie desired diameter round which strips of 
nibberiseil fabric are applied, either in the form of longitudinal 
strips or as si)iral.s. Usually four plies are employed to obtain tlie 
nece.ssary strength. Standard in.stantaneou.s couplings (2i-in. 
diameter) are employ ed, .so that the hose may be connected to hose 
of other types or diameters without the need for adaptors. Accept¬ 
ance test [iressure i.s 100 lbs. per sq. in. 

(fa) First-aid Tubing. This is a form of rubber tubing built to 
withstand internal pre.ssiire siifFicicnt to yield a satisfactory jet 
at the nozzle. Its construction may" vary^ considerably with 
different ty|)es, hut in almost all cases it consists of an inner rubber 
tube having a diameter of approximately 1 in. reinforced either 
with .spirally applied strips of fabric or with a form of braiding. 
It is then covered with an outer rubber skin. In some types there 
may bo two layers of strengthening material separated by a further 
layer of rubber. First-aid tubing is made in a manner very" similar 
to duck-covered ho.se and normally comes in GO-ft. lengths. If a 
l)raided reinforcement is used, the inner core is passed through a 
special machine which plaits this in ])Osition on the tube which is 
subsequently covered with its outer layer of rubber and vulcanised. 
Acceptance test pressure for lirst-aid tubing is 150 lbs. per sq. in. 
and at tlie time of publication of this Manual subsequent test 
pressure 100 lbs. 

1. RUBBER HOSE AND TUBING 

This type of hose is principally used in the Fire Service as wash¬ 
down tubing. Whilst this may be made as a light form of hrst-aid 
tubing it may frequently consist of rubber only. In the latter case 

4i 



Dehydralor installed for drying hose under cover. Note, electric motor 
to drive fan. and standpipe heads for connecting unlincd hose. 



Place 2 . Mobile dehydrator. The trailer can be detached and ihe towing 
vehicle used elsewhere if desired. 
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i- is “extruded” in continuous lengths, that is. the scmi-plaslic 
n?l»her prior to vulcanisation is forced under pressure through an 
.iiinuiar steel die {t.e., in the form of a ring), french clialk at the^.wiie 
lime being introduced internally to prevent the walls sticking 
together should they touch. The tubing is then vulcanised and is 
ready for use. Specifications for wash-down tubing vajy great]> . 
and it is impossible to deal with them here. 

THE CARE AND MAINTENANCE OF HOSE 

(d) Damage to Hose. Emphasis has been laid on the iiietliod 
ui fabrication of hose in order tliat its liability to damage can be 
fallv appreciated. In wartime, apart from considerations of cost, 
T'.ioblenis of supply make care of hose imperative, and this tlieiefore 
j'la\’s a fundamental part in training. It is imperative that every 
man sliould know how to look after the hose in his care and how to 
keep it in hrst-ckLss condition and ready for any calls which may be 
m ade upon it. Much of the daiiiagc caused to hose i.s aviaduble by 
the strict carrying out of hose drill iiistructinns. and every opj)ur- 
iunity should be taken to iiiiiaess on ])crsonncl the necessity for 
care in its use. It should be enifihasised that a high degree oi >kill 
and wide experience are needed for the iniuiufacture, testitig and 
maintenance of hose. This should prove an added incentive to the 
careful and intelligent use of liose. 

rJu‘ causes of decay in hose may be li.sled as— 

(i) Abrasion. 

(ii) Mildew. 

(iii) Shock. 

(iv) Acids (particularly rnldier aciil), alkalies, nil and ])(‘trnl. 

(i) Abrasion. Men sliould always be taught to lay out hose 

witliout dragging. The question of abrasion is intimately connected 
with the methods of niaking-up hose, so that these will now be 
dealt with. 

Methods of Making-up Hose. Numerous different methods liave 
been developed for storing liose. These may be listed as— 

(a) The roll (or coil) or variants of the roll; 

(t») Flaking or variants of flaking. 

The Roll or Coil. In this method the hose is laid out flat on 
the ground and a stjiit is made at tlio female coupling end if instan¬ 
taneous couplings (Fig. o, kjt), or the. male end if threaded coujilings, 
are fitted. The coupling is donlded down on tin- liose wliich is then 
rolled up imtil the furtlier civl is reached. The hose strap is then 
passed through the centre of the hose and svvaired about 6 ins. 
behind the outer coupling (Fig. b. right). Rolled liose is normally 
to be preferred, since, ]>anirularly wiicn instantanerjiis cou|)Iings 
are fitted, the female coupling jna\‘ be licld with both li md.'. and Die 
hose then rotates as it is run out. The correct positifjii in wliich to 
hold a roll of hose is shown in Fig. f). Unless the stfjjj nut retaining 
the pawl and spring in the cap is secured by Inirring or liy a small 
pin, running the hose out in tiiis fashion may lead to tVic cap coining 
adrift. Rolled hose should always be stowed t)n edge (as shown on 
the right in Fig. 5) and never flat. If jilaced flat the edges are 
subjected to more than their fair siiaie of tlic wear and tear. A roll 
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Fi^. 5. Left : the correct method of starting to 
roll a length of hose with instantaneous 
couplings. Right : the roll of hose completed 
and secured with hose strap. 




Fig. Correct method 
of holding a roll of 
hose with Instan¬ 
taneous couplings for 
running out. 


of hose, cillier wet or dry, sliould never be dragged along the ground. 
It may be the e:Lsy way but it is the wrong way. Rolled hose should 
always be carried. 

( ases have been reported of damage being caused to unlined liose 
owing to the outer edge of the female coujjling having cut the fibre 
f)f the hose when rolled, pnjbably on account of the viijration of the 
upplianre, on which the hnse is carried, wlien in molion. In order 
to oliviate any risk of such damage the female couplings should be 
examined, and, if there is a sharp edge, it .should be smoothed off 
by filing. The vil)ration of the vehicle on whicli hose is stowed may 
also lead to chafing, in particular, where hose is in contact with 
the sides of the hose locker. Steps should be taken to avoid this as 
far as pu.ssible by careful stowing and by packing the hose with 
protective .strif)s where chafing might occur. 

Dutch Roll or Roll on the Bight. The hose is stretched out 
flat on liie ground and tlie male coupling end if instantaneous 
cou[)lings, or the female coupling if thread couplings are fitted, is then 
drawn back along the liosc toward the other end .so that tlie coupling 
lies about 3 ft. short of the coupling below (Fig. 7). The hose is 
now rolled up fr(»m the bight so that both couplings come together 
on the outside of the roll. With this method the hose may be run 
out \'ery quickly, since a pull on either coupling causes it to unwind 
without tangling and both couplings can be pulled at once. This, 
however, cau.^es severe abnision of the edges and sliould not be 
allowed. It may also be used to give a long bight to allow the 
branch to advance without adding hose. For this purpose both 
couplings can be held and the roll given a push, when it will roll out 
and uncoil itself, leaving a long loop of hose. This is the only 
method of running out the Dutch roll which should be permitted. 
The disadvantages of this method of rolling are discussed later. 



Fi|. 7. Correct liyout of couplings for miking i Dutch roll. 
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Flaking. In thi.s method the hose is doubled back and forward 
on it-elf and is subsequently secured at the centre of the folds 
(Fig. 8, left). It? principal advantage i? that it permit? of running 
out as fast as a man can move. Flaked hose is subject to the risk 
of serious damage due to dragging, particularly over broken glass. 
This may. to a considerable extent, be obviated by carrying the hose 
on tlic shoulder and allo>\dng it to pay (mt as the man moves away. 

The objection to flaking, however, does not apjdv to hose carried 
or\ special hose-laying vehicles, as there is little likelihood ol dragging 
when hose is laid from such vehicles. Hnsc sliniild never be llaked 
when wet since flaking causes undue strain at tlie bends. 

Figure-of-Eight. This is a variatumi of flaking, but it avoids the 
.-harp liends. As the name implies it is wound in a tigure-of eight 
pal tern over two bollards (Fig. 8, right). Its c hief advantage is that 
it avoids tlie tight bend? of flaking and the hose can be run out equally 
well. On the other hand it takes up consideral)ly mi>ri‘ roimi. This 
ineihnd is undoubtedly the best wr storing rul)i»er-liMed iiose. 

(tI NKic-\L Considerations. Considerable damage is caused by 
alirasimi of hose lengtlis on rough surfaces. e\eji a concrete yard 
being unigli in this sense, and al>rasion is lia/tle to take place more 
readily ami more rapidly when the hose is wet. J’oiiils partia l larTv 
aiJected are at bends and on tlie edges of fla It cried bosc. There! Te 
lio^e slioiih] never be dragged along the ground if it can be carried, 
and ir should never be pulied round a comer where il may scrape 
against a wall. Siiflicient slack sliould be awulable at ilie branch .so 
i.li:i( it may be worked forward without ibap.gini; !lie entile Imm' line. 

The vibiaLion of a pump in r.onliniied aciinii may subji?cL the. lirst 
length of delivery hose to severe chaliii;.' at tlie iirsl pi int where it 
touches the ground. A ho^e bainlage or a ?!inrl |>iece of ohl hose 
(carried for the juirpose), or even sacking, wraj-j'ed aioniiil at ilie 
]ioint of contact, should lie fitted to jiroicct the liose from tiam.ige. 

(ii) Mildew. Mildew is a fatal cause of deterioration n[ h«e,c 
whether lined or unlined. Its onset is insidious and fjerpiently its 
[iresence can only be detected by tlie most careful and minute 
examination. It is not unknown for an aiaprireiitlv sound ])ie.t:e of 
hose to be so weakened by mildew that it ran be pulled apart in the 
hands. No efleclive preventative against mildew has yet been 
developed. Burnettising. however, ha.s some elfeci and also add.s 
considerably to the {iliability of the fibre.?. No rot proofing 
solutions which will not weaken tlie fibres liave yei been fouinJ 
effective for treatment and most so far tc.stc(l tend to lock the warp 
and weft thread.? thus reducing flexilaiily and subjeiaing the yarn.s 
to undue strain when the hose i.s handled. 

From examination of .samples of infected ho.se it ai)pcais tliat tlie 



Fig. 8. Left: flaked hose. Right; hose msde up as i figure-of-eight. 
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teiidi;rutl infMs to which leaks are due are caused in some cases 
infection with moulds which render the fabric of the hose locally 
weak and un:jh]e to stand up to water pressure. Most tendered 
areas are locali.-cd at or near the margins of the hose, and the 
initi:i.l dani.jgc is almost certainly due to mechanical causes, such 
as frictitm f>r undue marginal rompression. 

Jt is |)roliii.ljle that sudi rlarnage renders hose more susceptible to 
mihlew iufiv lion than it wuiikl he if intact, but the possibility of 
direct infe* liun of un'lair.nged hose cannot be ruled out. One 
feature which hccaine evirK nl at an early stage during investigation 
was that a certain ofUiinuiii mrasture f nntf iiL of the hose fabric was 
necessary for rapid and seA’ere infection. Ccjmplete saturation 
jirevented active infertion a.s readily as comidete dryness, and it 
seems t() l>e cstabli .l.cil that imperfect drying provides conditions 
nece-isai y for severe infect ion. If suitable drying of lire hose can 
be giiarant("i rl there need be no mildew y»roblem. 

[t sliould be noted that complete nr alisohite dryness can only be 
attained and inainiained where the surrounding atmosphere is 
coiiijjletely dry. Al)s(»inte dryness would weaken the hose. 

In r.i.’iis ;Vj the following e.xperimcnt was carried out ;— 

Of two .‘J ft. pieces of new lij-iri. rubber-lined twill woven flax 
liose, one was kept in the relatively dry hose room, the other was 
hung in the nj)eii under head cover for 12 lu-iirs for “ conditioning." 
'riie following are the. results of dc^structioii tests ciirried out on the 
pieces. 

lbs. per sq. in. 

irtjserfjoiii jiieces . 675-TTo ltOU-TaO-750-800 

Conditioned pieces . 1)50-1100 ‘J75-1000 1000-1)50 
It siTins iea..sonal)le to assert that condithming dues increase 
substantially the pressure resisting and tensile strength of lio.se. 
The fundamental necessity is tlieiefure to carry out instructions 
regal fling early cleaning and reasonably quick drying preferabh' in 
a cuueui of aii', at the same time being careful to note the difference 
in treatment and leinperatures for iiulined and lined types. When 
.stowing in appliances or storing in the hose room, adequate venti¬ 
lation must he cMi.sured by rq^eiiing the sliinters, etc., on liose lorries, 
lockers cirul boxes on other appliances and by all methods prac¬ 
ticable in hose stores. These precautions should ensure conditioning 
and prevent mildew. 

(iii) It is not generally realised tliat shock is a frequent 
cause of hose failure. Hose should invarialdy be treated with care, 
and rolls of hose .should never be tfirown rouglily to tiie ground even 
though they may be dry .iiid in good condiiion. Shock may. f)f 
Cfiurse, also arise wlien water is allowed to flow too rapidl\’ into a line 
of hose wliich is badly kinked or when a shin i»ff i\ pe i)ranch is 
ojieraied siiddenlv. The .sudden straightening out ul hose under 
the pressure and the ensuing rush of water whicli ihiws only to l)e 
checked by the next kink, sets up a series of ])rcssLire waves which 
may easily lead to collapse at a weak point. 

(iv) Ai nis. Recent researches have disclo.sed that much damage 
to InhheT-liiu'd hose is caused by wlvit lias been termed riiblier acid. 
This i^ formed by the action of a micru-urganisin on the sulphur 
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!i-cd lor viilr:i.ni5inp the rubber and consists o! diluto sulpliuric acid. 
As the v.'ator is evaporated from the acid through slow oiii, 

-i' ihe cniicentration increases. A streni^th m:\y easilv be readied 
in practice where, should the acid come into coni act with tlie jacket 
■f tlie hose, it will cause serious weakenine. rict'oiupaiiicd soiiKdinies 
In' the 'L:])pear:’Jice of yellowish or brownisli stains. 

(b) Core of Hose. The followiujt are tteneral hints, applicable 
in particular to the care of rubber-lined liose, which will assist in 
j)r«)lc'nctin^ its life. 

(i) New hose should never be allowed to remain in the rases in 
which it is received, but should be remover! and the coils loosened. 

(ii) Hose wbich is unused lor long periods of time shoa.'d not be 
allowed to reniaui on the appliancccs, but sliouhl be removed and 
placed on rack.s or towers. 

(lii) When storing Irise, short l)ends should be avoided as inucii 
as jinssible. If it is necessary to store the hose in fohls, the bends 
slaadd be moved now and then to prtnent the fahric, and in 
particular the rubber lining, from taking a permanent set at the 

I lends. 

(i\‘) Rubber-lined hose sliould liave water iiassed through it from 
time to time to kee]» the lining in good f-ondiliiai, iibcr vvliich ii .•Uould 
in, ih'iiniighl\' iLrtiiiioi.J, and dried in Inwcr^'-r by hanging in a. warm 
mmcu. Rubber acid ^t.■u’n^, or canva*^ of hnse .^^l'^pccll'd of having 
lieen in contact wiili thcmdtl, -lioiild be thoroughly washerl in elean, 
<i:id vvatiT. Xo aiteTH[)t ^llolllll bi' m:i lo to mniliali-ie the acidity 
i f llic ca.n\'as by tre.itmeni with alkalies. 

(v) If ho.se becomes frozen it slumld on no account be bent, as it 
will lie liable to crack. 

(vi) Rubber deteriorates at low temperatures, and it is equally 
liable to damage from heat. Rubber-lined hose sliould not be 
cx;iosed to hot dry air nor stored in the sun's rays. 

(vii) Great care slmuld always be taken of rubber-lined hose. 
es})ecially when cooling down after large fires, as the hose is of fen 
stretched over debris fallen into the building, and, as the bricks and 
stone, etc., retain heat for a long time, the outer covering is liable 
to scorching, so weakening it and .shortening the life of the hose. 
Also, it is easily damaged by contact w'ith jietrol, oil, gica.se or acid, 
and special care must be taken to keep these materials away from 
hose, particularly that kept on motor appliance.s. Petrol, for 
instance, will cau.se the rubber to separate from the fabric. 

(viii) Hose should never be bent or kept at too acute an angle, 
especially under water pressure, .since this causes a severe strain on 
the fibre, and is a frequent source of actual breakage, particularly 
if the edge under strain is rubbed sharply or knocked against a 
hard surface. 

(ix) Hose which is laid across roads should alway s be ramped to 
prevent damage by passing vehicles. There are several types of 
ramp in use. The.se are described in Chapter 5 on "Hose 
Fittings.*’ Every pumj;ing appliance should carry ramps, the 
number and disposition of which will vary greatly with the 
accommodation available. 
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n ft u H (c) Cleaning Hose. 

f \ II Whenever hose is re- 

I f ^ ^ U turned to the station 

( 'tU ^ G '~~ih essential 

1 ^ A r.::- 1 (j( I should be washed 

\ { [\ VJi 1 O ' greatest care 

j \| \ \ \ I tf) remove all particles 

toggle of grit wliicli may have 

Fig. 9. r*I;\c.!ng the bight of a length of hose on a become caught Up in 
hose whip toggle. the outer fal ric. On 

no account should 
(liernirals of any sort, soap, or other material, be used in these 
cliTining n)i( rations, excejjt as mentioned below. The hose should 
be laiil out .straight and flat on a clean surface and imre water 
afipiied will mu I furce. Careful scmblung witli bri.stle brooms 
is sullicient to ensure the well-being of the Im.^e. The brooms 
used slir.uld, as far as possible, have Ituig bristles, and not be 
too still, otller\^i f tlie grit may be brushed watli such force 
that it i.:uis the tilire.s. The niotion of the brusli shoulrl l)c from 
side, to side and not lengthwise, since, owing to the consiriictinn of 
the hose, tlie teiKhmrv would l)e for ])arLicles to become lodged in 
the weft. 

h'xiHTnnents have, luiwever, shown that the fabric of hose which 
has become begrimed with grease or oil can be cleaned elTectivcly 
if Ihe hose is scnillicd thoroughly, with a solution of soft soap and 
soda in warm water, and afterwards very tlioroiighly rinsed in clean 
cold water. Wlien Iiom* is thickly coated with gummy rubber, 
grease, etc., line sawdu.d ran l«e used to amalgamate with the soiling 
matter and riiMxHl off without damage to the hose. This wa.s 
proved to be simple and effective following the Colonial Wharf 
fue in laniilon in Sei'teml>er, 19^5. 

W'lien the lose is thormighlv clean it is l>c.st drained by attaching 
one coupling to a hose whip and running it up the hose tower. 
Alternatively, lengths of Tfi ft. and upwards should be folded 
coiijiling to coupling, the liosc whip toggle inserted in the bight 
as shown in h'ig. !) and the h.ose then hung doulde. When lengths 
are frerpientlv ii.sod, washed and dried, the position of the bight on 
the toggle should be varied from time to time. The preliminary 
drying may be (‘ffecled in tlie tower and tlie hose later transferred 
to the hose drying lonm. 

When under-running, parlieiilarly iiniined hose, it is essential to 
sec that kinks do not form at the bends. These kinks may lead 
to the formation of p'oekets of Avater or, alternatively, y>ockets of 
vacuum, and tlius ]»n*vcnt the coinj)lele removal of the water. 
On no acetumt should men hv. allowed to walk on hose in order to 
flatten it out or rid it of wal^er before roliing. Thi> not only drives 
any flint or grit wiiiol^ im;\' be juesent right inti' the fabric but 
impost's a liea\ v strain on the hbrus on either fold which cuiisidcral'ly 
weakens the hose. In practice it is found that bursts almost 
invariabh aygiear at the two oppo.sitc points on llie diameter where 
the hose has been flattened. With lined hose avoidance of such 
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treatment becomes of even greater importance, since its result is that 
not only are the fibres of the casing weakened but the lining itself 
becomes fretted, and particles of dirt, etc., lodge in these frets and 
a rapid deterioration of the rubber then sets in. The correct method 
of clearing the water hy under-running is to raise the hose shoulder 
high (Fig. 10) at the same time avoiding kinks wliich will trap the 
water. 

(d) Drying. Methods of drying may be divided into :— 

(i) Natural. 

(ii) Mechanical. 

(i) Natural. The most sa tisfactory natural method of drying hose, 
whether lined or unlined, is in suitably constructed hose-drying 
premises which are fully ventilated and yet which do not admit rain. 
Such hose-drying arrangements must depend to a very large extent 
on local conditions and on local ingenuity. At most stations where 
firefighting equipment is housed, if a hose tower is not av.iilalde 
it is possible to hang the tiuse from a bracket attached to an outside 
wall, ])referal)h^ a wall faring south, subject to the jiroviso that 
rubber lined hose should not be exj)oscd for any considerable ;ength 
of time to direct sun rays in iiot weather. 

Tlie bracket should be fitted with a jnillcy block. A line (tlie 
hose whip) should be rove through the juilley block and one end 
should terminate witli a wooden toggle about 8 ins. long. The 
standing part of the line should be spliced round one end of the 
toggle. A short length of line having an eye should be s|)]iced into 
the standing jiart of the line, thirs serving the other end of the wooden 
toggle over which the ho.se would be placed prior to hauling aloft. 
The spare end of the line .should be seciinvl close to the toggle, ilius 
making an endless line for case nf working. Hose-drying tfiwers 
combined with drill towers having one or more .sides weather- 
boarded, have also been in use for some years, and have been found 
to serve satisfactorily (IMe.te 4). 

Drying sheds might be built on tlie side of a building wath louvre 
walls, so arraiigefl as to permit of the entry of as rnurli air as 
possible. Hose miglit be laid Iiori/.onlally on racks or hung in 
folds. If the latter, it .should be nr>l(‘d tliat for all hose careful 
under-running is essential to remove all the water 
po.ssiblc. 

Another method of drying hose is to flake it 
over poles suspended from the roof of a room 
(ff.g., a recreation room or lecture hall) where 
there is plenty of ventilation, and, preferably, 
some form of heating. VNdien this method is 
used care should be taken to secure the hose 
firmly to prevent its being damaged by abrasion, 
and the couplings .should also be lashed. 

(ii) Mechanical Drying. A number of mech¬ 
anical hose-drying methods have been developed, 
according to the ideas of various manufacturers. 

The basic principles are, in ev’ery case, the .same 
and consist of the application of warmth and 
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the passage of an adequate current of air, to carry away the moisture. 
The means whereby this is effected in iJie various types of hose-drying 
machines differ. 

IJKHYbKATOR. Thc dchydrator consists of a rotatable steel 
drum running on bearings and driven by a srnall-geared motor at 
apjjroxirualely revfilutioiis per iiiiiiute. This metal drum is 
lilted with sioLted wooden racks upon which six 100-ft, lengths of 
li(;se can In: WTnind, each nf which is connected to a short staiidj)ipe 
lilting nf whi( h six are carried on the drum. Warm air is supplied 
to the (iiuiii under lbs. j)er sq. in. jjiessure from a fan, which 
is fliiseii by ioi 8 h.]). jietrol engine. l:’.efore entering the drum the 
air is driven ihroiigb a healing clinrnber warmed by a crude oil 
biirnei, and is Then circulated inside the drum to heat the walls, 
ljef( ro j.assiiig Uiioiigh the standjiifies to the hose. A number of 
small boll's are rlnlleil in tiie circumference of the drum, in line with 
the hose, ihrfaigh whicli a projxirtion of the air is blown as warm 
jels on I lie: nnilei .'iiiU* of the hose. 

Tbi- ilelivdrat ir rhies ilie liose by live distinct and simultaneous 

inoilioil;,, j'.r.- - 

J. ]W blowing warm air under jaessure through the hose, 
thus diving the interior surfaces. 

2. P>y direct radiant heal from the heated metal drum on 
which till’ hose i-; wiaind. 

,‘'i. Uy blowing jets of warm air on the underside of the hose, 

T Dy rolaiion of the drum carrying the hose, lliiis draining 
the lio.a- by graviiatiuri, 

b. J^y free air currents caused by rotation of the hose and 
ilnini. 

Piy using the dehydrator six IDO-ft. or twelve HO ft. lengths of 
lio-e can be dried in from one to four hours in any w’ealhcr, a 
sliglit amount of cleaning being accomplished in tlie same, operation, 
in the c.isi* of niilioe l hose, by the acliuii of the air in expelling 
flirt from the fabric. 

There are several l\pc> of dehydrator in use in the Service 
(I’lale 1 1 , iiicliidiiig the “ large ” “ standard " and “ lialry ” fixed 
iiKtallations, and the molale model recently introduced (Plate 2). 
•All ilnse uumIcIs work on the same principle, and the construction is 
as oiillincil abin e. In some of the earlier models an electric motor 
wa> n>ed to drive the fan in place of the 8 h.p. petrol engine now’ 
siaiulardiM‘d ; ami on the “ standard ” and " baby " models no 
motiir is [inn ided lui revolving the drum, which is accomplished by 
means uf air ilutes at the oilier end of the drum from that at which 
thc air enters. The sjieed at which the drum revolves U controlled 
b\ the e.Meni to which the tluies, which are manually ojierated, are 
opened or ^duit. 

1 )L’h\draTiu‘s are normally operated at 100° F.. the temperature 
b( sag i.il.cn at il.e heating chamber, which is fitted with a thermo¬ 
meter for this piir]H)se. When drying rubl)cr-lmed hose this 
tem|-er:itiire can i;p modified to suit individual requirements. 
Siti'-f.u iory results have been obtained operating at 120° F., at 
Nviai ii tcinpei ituie of course it takes longer to dry a full load of hose. 
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Undue heat is dangerous to rubber-lined hose, but it should be 
ajjpreciated that by the time the air readies the hose it has fallen 
coiiriderably in tem^jerature from that registered at the heating 
chamber. It is recommended, however, that when drying rubber- 
lined liose the couplings should not be connected to the stand- 
pijjc fittings (the outlets of which should be dosed with the blank 
[ a[)s provided). Drying will tlieii be accomplished by exterior heat 
niid air currents only. 

HiiSE-DRYiNG Cabinet. Other hose-drying machines work on 
ilic princijile of a cabinet in whidi the luise is c(>nt:iincd in long 
nivilits (Plate 3). The interior of the cabinet is then warmed and 
ventilated by means of heaters and fans. Arrangements are usiiallv 
made that the temperature cannot rise abin e a piedeterniiiied 
jioiiit, usually fixed at approximately 100® F. 

When hose is tlioroughly dry it should be soft and Ilexible. If 
not, it should be sent back fur furtber drying. lvii]>lu‘i lini'd hose 
wkicll is .suspecU'd of contaminaliun by riibluTaiiil should iml be 
dnnd by mechanical means e\c(‘iu in cniergtnc)' siiue llu* mlting 
ilircl of the acid i> inarkedl\ ai cclcratcd b\ hi at. 

(e) Repairing Hose. Immediately hose is jelurned to a shition 
after u.se it should be tested and carefully in>picli.’d for l/.mage 
before even washing is undertaken. Ans lengths which require 
rcfiair should beset aside. Where po.ssible. minor rc]>airs to tlielio<e 
should be carried out at. the stations by members of the Service. 
This not only demonstrates the necessity for care in handling hose 
but decentralises tlie amount of rej^air wrirk to be carried out. The 
most common damage to ho.se consists in j inli des. Tlie.se may be 
ic'p iired by darning or l>v fiaiching. 

(i) Darning. Hose ilainiiig oiiuiis are availaide and have been 
issued to tiie Service. 'J'ljese can be iiserl if iii'ccssary tf) repair ]»in- 
lioles under pres.siire immediately thfV raxur and r)n tlie sjejl (hig, j I, 
Irft). The object of i.ssuing tlic: si-ts is In laeilitate the inimt’ditifr 
repair of small defects, .so tli.it linle> "t bursts ilu not develoi'i and the 
liie of the liosu is prolonged. It is only suitalde fur repairing very 
small holes. 

Sail-maker's yarn, rove, iv iulenser yarn or yarn stri|>])f‘rl from dis¬ 
carded hose can all be u^ed as the lepaiiing agent with the needles. 

If the needle sup- 
]died with the set 
should break, a con¬ 
venient and satis¬ 
factory method of 
replacing it is to cut 
a heav’^y darning 
needle of suitable 
diameter to the 
correct length and 
solder it into the 
nipple of the broken 
needle. 

Hose can also be 

SI 




Fig. II. Left ; a hose dirner ihowing yim in place. 
Right : a typical hose bandage In position on 
charged hose. 



HOtl 


PART I 


permanently repaired 
by darning. The equip¬ 
ment required is a bent 
awl, a needle, a knife, 
and some strands of 
hemp. The needle 
should be threaded 
with four strands of 
hemp and the ends cut 
level. The operation 
is carried out in the 
same way as darning 
a sock, the hemp being 
used to re-make the 
broken strands of the 
hose. 

To n*jilacc a broken warp the weft should be lifted with the awl, 
and the licinp thicaded under and over the weft alternately. Tf 
more than one strand lias to be renewed, subsequent strands should 
be threaded on either side of the first, but wdiere the first strand 
went under the wTft, the second .should go over and so on, so that 
the jjattern of the weave is maintained. If it is necessary to replace 
both warp and weft, the weft should first be renewed by threading 
new hemp under and over the warp, and then the warp replaced as 
desnihed above. When hose has thus been darned a patch should 
be aflixed over the darn for extra protection. 

LufiU&s Couplin(^. WTiere a serious burst makes repair by 
patching impossible, but the remainder of the length of hose 
1.S in sulhciently .sound condition, the damaged section may be cut 
out. If it i.s close to a coupling then the coupling may be rewired 
on to the length. If. however, it is near the centre or at such a 
distance from either end that too much sound hose would be w^asted 
by cutting out, then the two sound pieces may be joined by the use 
of a lugless coupling. A description of this coupling will be found 
in Chapter 5. 

In many instances a length of hose witli a lugless coupling will 
give first-grade science, since the grade depends upon the general 
condition of the length. As a liigless coupling reduces the flexibility 
of a length of hose it should be inserted at the end nearer the pump, 
thus coming near the female end coupling in the case of round- 
or V-tliread, or near the male end if instantaneous. To ensure 
this, the end couplings .should, if necessary, be switched when 
putting in a luglc.ss coupling. If this rule is follow'ed out it will 
ensure that a length with a lugless joint, used as a branch length, 
will ]>ossess meixiinum flexibility and be subject to minimum 
friction. 

(ii) Hose Gaiters. Larger holes in hose which cannot be repaired 
by darning should be temporarily repaired w'hile the hose is in use 
by placing a gaiter round the leak. This will prevent the hose from 
bursting and will also save water running to waste. Several types 
of such gaiters are in use in the Service, the most comnion being 
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the hose bandages issued in large numbers to the National Fire 
Service. These consist of 2-ft. lengths of canvas approximately 
3 ins. in width fitted with a brass eyelet at one end. Lengths of 
twine are secured to this eyelet and used to lash the bandage in 
jxjsition after it has been wound round the hose over the leak 
(Fig. 11. right). Leather gaiters fitted with straps and buckles 
(Fig. 12) are also used for the same purpose. 

A cheap and serviceable gaiter can be made from a piece of 
discarded 2J in. unlined hose, about 16 ins. long, slit up its length, 
so as to open out, with tliree brass eyelets (J in. holes) inserted along 
one of the short sides. A piece of cord about 2 ft. long, knotted 
centrally to each eyelet, serves to tie the gaiter after it has been 
bandaged round the hose. 

(iii) Hose Jacket. A more efficient temporary repair than any 
of the above can be effected by means of a fitting known a.s a hose 
jacket. This consists of a cylindrical rubber-lined niftal casting 
about 1 ft. long, which is hinged down the centre and fitted with a 
strong spring-loaded locking clamp (Fig. 13). Tlie damaged jx>rtion 
of the hose is laid in the jacket in such a way that only tlie point of 
fastening meets the water issuing from the burst. The sides of the 
jacket are tJien brought sharjdy together wdth suffirient force to 
overcome the pressure of the water and automatically lock in 
position. If the water is allowed to strike the w^alls of the jacket 
during tliis operation the jiressure wall prevent it being closed. 
Tlie nibbcT lining is designed to form a seal at all points of 
closure and a watertight repair is consequently effected. The 
chief drawbacks to this type of jacket are cost, size, and the fact 
that a special jacket must be carried for racii size of ho.se. Hose 
jackets of this type are particularly valuable for preventing water 
damage if a length of hose develops a leak wdien working inside 
a building. 

(iv) Patching. Such leaks can be .satisfartrjrily repaired Ijy ho.se 
patching if the luise is geiiLTall>' in gorjcl condilion and the wan knian- 
.sliip is good. The jiatch is applied in exactly the .same way as is 
employed for rejiairing niotrir-car inner tubes. The hose is first 
carefully cleaned and a prepared patch is then placed over the hole. 
The hose and patch arc then placed in a vulcaniser and heat Ls 
applied for the speci¬ 
fied time. Special hose 
vulcanising outfits are 
now available (Fig. 14), 
but whilst they have 
proved extremely 
satisfactory they arc 
dependent on either 
electricity or gas, 
neither of which may 
be available under war 
conditions. Much de¬ 
velopment work has 
been carried out with 



Fig, 13. A typical hose jackeL 
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Fig. \A. Sketch of one type of vulcanising 
ouent. This model employs electricity for 
heating. When the vulcaniser reaches the 
correct temperature the fuse wire in the 
holder melts and breaks the circuit. The 
sand glass timer is then reversed and when 
the sand has run through, th.e clamp is 
released and the hose removed. 

to carry out cflicicntly this very import 
maintenance. 


a type of patch which can 
be applied solely with the 
use of a hot iron or by 
means of heat generated by 
burning a small specially 
prepared charge, and ho.se 
repairs with this type of 
equipment are now being 
satisfactorily effected. 

Wherever possible, major 
repairs to ho.se should be 
carried out by specialists. 
Skilled examination is 
necessary to detect latent 
damage, to replace lengths 
beyond rejjair and to en- 
.sure that the field force 
is eqiiip]icd with reliable 
hose. Damage is varied, 
often dilficult to detect and 
repair, and skill, experience 
and equipment arc required 
ant branch of fire equipment 


SUCTION HOSE 

Suction hose is the name applied to hose designed to resist external 
pressure. It is used exclusively between the water siif)j)ly and the 
jjiiin)). As it will withstand pn‘ssurc eitlier internally or extern¬ 
ally it can l)c usetl when working a pump eitliei from a j)ressure-fed 
or from a .static supply. Anuoured surtinn hose f)r ‘'suction,” a.s it 
will be termed from imw on, is an essential j)art of the equij)ment 
of every pumping appliance. 


I. CONSTRUCTION 

The lengths and diameters of suction vary with the appliances on 
width it is carried, but llic construction is substantially the same in 
every case. The principal feature is that it should possess sulTicient 
strength to vvithstarul without cullapsing the pressure of the external 
air wlicn a vacuum Iras been created inside ; and should be strong 
enough to resist the maximum hydrant pressure normally encoun¬ 
tered, and at the same time should possess the maximum of lightness 
and Ilexibility compatible with this strength. 

Suction supplied to tlie National Fire 5er\'ice (Fig. 15, left) is built 
up from a tough rubber lining in which is serni-embedcled a spiral 
made from 10 S.W.G. highly tempered galvanised steel wire. The 
embedding of this internal wire is so arranged as to provide a full 
waterway and a relatively smooth internal surface. In certain 
makes of suction the internal wire is not embedded in the rubber 
but projects into the waterway. Whilst this possesses some 
advantage from the point of view of manufacture, it is unsatisfactory 
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hydraulically and leads to very considerable friction losses. The 
reinforcing wire Is not fully embedded owing to the dithciilty of 
obtaining a sufficiently strong bond with the inner lining. Under 
prolonged working w’ith low’ internal air pressure a separate lining 
would tend to pull away and might bliick the hose. 

The exterior of the hose is built up from several layers of canvas 
w’ith, in most cases, an external semi-einbedded wire of the same 
material as the internal wire. The two spirals are so arranged tliat 
tlii\v lie midw’ay between each other. Tliis outer covering is 
vulcanised to the rubber lining. 

Suciion as issued to National Fire Service appliances is tested to 
an external pressure of two atmosplieres, and an internal pressure 
of IbO lbs. per sq. in. There is. therefore, no danger in using 
it to connect a hydrant to the |nimp inlet provided that the static 
hydrant pressure is below 90 lbs. and provided that the hydrant 
valve is nj)ened slowly to avoid shock. 

Suction carried on appliances of less recent mnniifactnre, however, 
w^as not in many cases designed to wnthstand iiitenial ['lessiires of 
this order, and should not therefore be used on pressure supplies 
where there is any possibility of damage. 


2. TYPES OF SUCTION 

The following types of suction have been issued to the National 
Fire Service :— 
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ti-ply 1 
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wiiU 
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, l,i;4lO p'liOililf pumps. 

I Hcvivv :iiul i'\liii hrjivy 
j .s t* J ! - ]) r o ]) L? 1 1 I"* ;l p:inips 
isli'iil lor iisi‘ l.o 

i 1 oiinrcl to liyiir.uil). 
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' (slioil. li-n:..;lli (iir iisi: lo 
I iMirnioi'l to liyliiinij, li^ht 
pumps Ini L'j iur.il use. 
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’ jn.'.'ivy si‘if-pii»pcllf rl pimips. 

Hi.ivv jMiinps for lioats, 

' lir-.isy O.'-ilcis. 
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Variations in this allocation may be encountered, due to problems 
of supply when the equipment was first issued. 

Suction hose u.sed in some localities, however, may differ con¬ 
siderably from the above specifications. It wa.s customary for many 
manufacturers to construct suction for appliances in two long 
lengths, which varied from 14 to 16 ft. and which could be stowed 
conveniently one along each side of the machine, rather than in the 
three or four shorter lengths found convenient for stowing on 
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FI,. 15. Left: cutaway view of suction as supplied to the National Fire 
Service. Right : suction with flattened wire reinforcement. 

appliances such as trailer pumps. The suction itself was frequently 
made throughout from vulcanised rubber, and the strengthening 
was applied by different methods—by means of flat spirals of steel 
in place of wire (I'ig. 15. fight), or by tulalJy embedding the reinforce¬ 
ment. The principle of construction is, however, in most cases the 
same. 

1, CARE OF SUCTION 

Since suction hose consists largely of rubber, care and maintenance 
are simple. It should not be exposed to direct sunlight for prolonged 
periods and should be kept preferably in a cool place and have water 
pa.ssed through it at intervals of not longer than one month. Canvas 
or fabric-covered suction should not be scrubbed, as this tends to 
fray the material and may result in pinholes; nor should dressings 
which might cause the rubber to perish be employed. 

A point calling for particular attention is that when suction hose 
Ls carried externally on an apjdiancc it should be protected as far 
as jK)ssiblc from damage by men standing on it or clambering over 
it when mounting the apidiance. Improvised covered racks, 
sacking, or the provision of proper steps for mounting, will greatly 
reduce damage due to these causes. In some localities it was the 
custom to protect the suction by encasing it in a tightly fitting jacket 
of canvas which could be renewed as necessary. 

Suction couplings should be treated with particular care, as even 
slight ilistortion may cause air leaks. The couplings should never 
be dro])ped or dragged along the ground, and tlic correct size wrench 
should always be used for tightening the joints. 

4. TESTING 

At the time of publication of this Manual suction is tested 
monthly. After verifying that air leaks are present in pump or 
suction by means of the dry vacuum test, the leaks are located in 
the suction hose as follows ;— 

All lengths of suction hose are to be connected up and placed 
under hydrant pressure, care being taken to shut off the vacuum 
gauge. All blank cap.s are to be removed from deliveries. One 
deliveiy is to be opened to allow air to escape. The delivery is then 
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shut down gradually and hydrant pressure applied to the suction ; 
pressure not to exceed 90 lbs. per sq. in. Any leak which may 
exist will be indicated by water, and steps are to be taken to 
rectify it. 

5. REPAIRS 

Once damaged, suction hose is extremely difficult to mend. 
Bending at too acute an angle or too heav-y a weight carried on it 
may displace the reinforcing wires which, being of tempered steel, 
cannot be restored to their conect place. The only repair possible 
is complete rebuilding, equivalent to the production of a new length 
of suction. Small leaks (pinholes, etc.) due to wear, shell splinters, 
Etc., may be mended by the application of a suitable patch, as for 
rubber-lined hose. 

6. SOFT SUCTION 

For ease of reference the term soft suction " is often used for 
delivery hose employed on the intake side of a pump. ThB.se lengths 
are coupled up to the pump inlet either by means of the roller-ting 
head or a suction hose adaptor (see Chapter rm " lTo.se Fittings "). 
The construction of the hose and its fittings, and care and ;i;ain- 
tenance, are precisely the same as for ordinary dcii\ er>' hose. Soft 
suction can only be used with a pressure-fed supply, since any 
reduction of the internal pressure below that of the atmosphere 
would cause the hose to collapse. Where hydrant pres.sures are 
considerable and flows good, however, soft suction is commonly u.sed. 
Being delivery hose, it is capable of withstanding considerably 
higher internal pressures than those types of armoured suction hose, 
which were constructed primarily to withstand external pres.sure. 
Further advantages are that it is chea]) (good parts cut from a 
condemned length of delivery hose are frequently used), it is easy 
to run out and convenient to stow on the aj)pliance. 

The lengths of soft suction employed depend to a considerable 
extent on local preference—from 20 to 30 ft. is very usual. If 
additional distances have to be covered, lengtlis of delivery hose 
are utilised as required and two or more pressure supplies can be 
connected to the pump through a collecting head. 
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O WING to the wide range of huse fittings employed by the 
Fire Service it is difficult to preserve a logical sequence when 
describing tlie various types. To obtain some continuity, the 
various lit tings iirc taken in the following order: couplings; 
adaptors; breechiiig.s; branches, nozzles, and branch holders 
(including radial branches, monitors and deluge sets) ; collecting 
heads and foot valves ; hard suction fittings ; standpipes ; and 
liose ramps. 

K,\-regular brigarles throughout the country possess many items 
of equipment peculiar to themselves, and it is impossible to give 
more than a general description of the more important of these 
fittings. Detailed descriptions have been reserved for apparatus 
in general use throughout the Fire Service. 

COUPLINGS 

Generally speaking, any metal fitting for joining two lengths of 
hose together, or any jiiece of apparatus to a length of hose, or 
versa, is termed a coupling. For other types of union, such as the 
joining of a nozzle to a branch, the term connection is used. 

I. DELIVERY HOSE COUPLINGS 

At each end of a length of hose are attached metal fittings termed 
hose couplings. These are divided into two main groups determined 
by the joint, w'liich may be obtained citlier by means of the screw 
principle or by some melhod of interlock. The complete coupling 
consists of two fit lings, one attached to each end of the hose. With 
the e.\c(?ption of one type of interlocking coupling these two fittings 
are named the male and female coupling respectively. The question 
whether an outlet or inlet is male or female is governed by the 
group to which it belongs, i,e., all outlets in the screw system are 
male and inlets female, whereas in the standard instantaneous 
system all outlets are female and inlets are male. 

(o) Screw Type Hose Coupling 

(i) Round and “ F ” Threads. Two types 
of thread are used on screwed hose couplings, 
a round thread, often known in the Fire 
Sei^ice as the " large round thread ” or 
" London Fire Brigade round thread,” and 
the " V ” thread. To secure interchange- 
ability of couplings of ihe same type the 
dimensions of these threads have been stan¬ 
dardised and are laid down in British Stan¬ 
dard Specification No. 336. The difference 
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ijetwecT) round and “V” thread is shown in Fig. 1. In the 
>tandaid patterns the former has 2 and the later threads to 
tilt inch. 

The male screw coupling (Fig. 2, i and hi) for joining delivery hose 
i.s a metal casting or forging (usmilly, in all types of coupling, of 



Fig. 2. Delivery hose couplings : round thread and "V" thread, (i) Round 
thread, male; (ii) round thread, female; (iii) *'V" thread male; 
(iv) “ V ” thread, female. 


giiiiinftal, brass or bronze, but soinciiines of aliiniiniuin for lightness) 
in tubular form, cxunuiiliy tlireaded at one end fur coiinectifui to a 
fLiiuile coupling and exlernally serrated at the otlu'r for j)eiinu.ic:it 
LitiaLiiiiiem lu a length of hose. The senateil end is known as the 
tail or sliank, (a), tlie teeth of the serrations {b) jiointing towards 
the threaded end of the ctnijiling. The size of the coupling is known 
by the nominal size of the marrying portions ami not by the internal 
diameter of the waterway, wliicli is usually .slightly l(?.s.s. The .size 
of hose witli which it is U: ed. however, is determined by the external 
diameter of the tail from tlie tip of the first serration. 

The internal diameter of a male round thread conjiling decreases 
somewhat in the larger ty|)es from the commencement of the tail 
to its narrowest dimension, | in. from the orilice of the threaded end. 

The female screw colliding of the round-thread type (Fig. 2, ii) 
consists of three separate ca.stiiigs, the tail (a), the sleeve (p) and 
the nut (d), a washer (f) being inserted between the nut and sleeve 
to prinide a watertight joint. The tail (u) is serrated at one end and 
is lied into the hu.se in the same manner as the male coupling ; at 
tlie other end it i.s internaJly threaded with a fine " V " thread, 
riie sleeve (c) is externally tlireaded at one end for engagement with 
the tail ami is fitted at the other with a flange which engages with 
the rim of the nut (^/). The nut is internally threaded to receive the 
male coupling. To assemble, the nut (d) Ls passed over the e.\ternal 
tiiread on the .sleeve (c) (the square-sectimied washer having first 
i‘een inserted) and the tail is then screwed on to tlie sle^eve. 

The female coupling of the " V " thread tyjjc (Fig. 2, iv) ls similar 
in essentials, but the tail and sleeve are cast in one piece, and the 
nut is therefore held in posilion by the washer only, which allows it 
to turn freely in either direction but prevents it becoming detached 
from the sleeve. 

These couplings are lubricated with blacklead or graphite applied 
'ver a thin coat of terebine and then polished with a brush. 

The round-thread coupling was used chiefly by the land apjjliances 
on the former London Fire Brigade whilst the " V " thread was 
used in a number of localities. 
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All sizes of this coupling, except when fitted to suction hose, have 
two fixed lugs (/) fitted in line on either side of the coupling. 
These lugs are used for tightening up or for breaking the joint in 
conjunction with a special type of “ C " spanner 
known as a hose spanner. This spanner is curved 
to the approximate diameter of the hose coupling 
on which it is to be used, and has a hole through 
the curved end which fits over the lug and permits 
the spanner to grip the coupling. Two spanners 
must be used, one on either coupling, to prevent 
the couplings rotating as they are married or 
broken. Sometimes the .spanner has at its other 
end a wrench for unscrewing the nozzle from the 
branch (.see later). It is then known as a hose and 
nozzle spanner (Fig. 3). This type of spanner is 
issued to each oj)erational lireinan in those areas 
wliere threaded couplings are employed. 

The coujding may be tied into the hose by means 
of a hose coupling binder such as that illustrated in Fig. 4 (i) ; the 
method of binding described below is represeiitatit e. 



Fig. 3- Hose 
and nozzle 
spanner. 



(■■0 t'*) Iv) Ivi) Ivii) 

Fig. 4 . Hose coupling binder : (I) general view ; (il to vii) stages in the 
binding process. 


A fixed threaded supporting spindle (a) attached to a bracket 
screwed to a bench has at its outer end a plate with a holed anchoring 
pin (6). On the outer side of thi.s plate is an interchangeable adaptor 
(0 to which the coiijiling is fitted. The hose to be attached is 
sup|X)rted on an X-shaj)ed wooden crutch, and a jnece of canvas, 
or sometimes leather, is laid around it wdiere the binding will fall, 
to protect the hose from damage by the wire. After the ho.se has 
been drawn on to the tail of the coupling it is frequently secured to 
the tail by one or more rivets preparatory to t>ing in. 
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The whole of the apparatus except the plate and adaptor revolves 
around a threaded pivot (d) on the spindle. From the spool of 
wire {e) under tension the free end is led beneath the ^uide wheel (/) 
and grox^jved guide (g) over the coupling, and threaded through the 
eye of the anchoring pin (6). The wire used is 10-gauge copper or 
mild steel. 

The operator, standing on the right, puts on a turn by swinging 
round in a clockwise direction the weighted arm (/?) which has l>een 
moved to the adaptor end of the threaded spindle. This turn is 
adjusted so that the second turn, the first of tlie binding proper, will 
come just inside the extreme serration on the tail of the coupling. 
The second comes over the first turn (Fig. 4, ii), as do those that 
follow, the pivot travelling down tlie thread as the turns are made. 

When four turns have been put on (Fig. 4, iii), tlie free end of 
the binding wire is removed from the anchoring pin and pulled up 
towards the operator, and the binding is continued over it as before. 
After the eighth turn (iv) the free end is pulled o\cr, hammered 
against the binding and held. The tension is cased and the binding 
tied in, by twisting it three times with the free end (v). Tht twists 
are pulled tight with pliers, tlie tension reapplied, the tie bedded 
home with hammer and chisel and binding coniinued till the 
sixteenth turn, when the binding is again tied in. 

A short length of wire Ls placed under I he twenty-first and 
.subsequent turns (vi). The binding is finished on the twenty-fourth 
turn and tied in. Tiie wire to the spool is cut. its end flattened, the 
sliort length of wire jiulled out and the wire with the flattened end 
inserted in it.s place, turned back, cut off, and its end lianuiiered w'ell 
dowm. The free end is then turned back on its tie and its end 
hammered dowm (vii). 

Instantaneous couplings have to be jaevented from rotating in 
the adaptor during binding ; in the case of the female this is done 
by a long bolt attaclied to the adaptor jilate, wiiicli engages the lug 
of the coupling ; in the case of the male, niovcment is pre\T.nted by 
leaving the free end of the binding wire attached to the anclioring 
]in throughout the whole landing process, ties being made with a 
false tie wire. The final tic is made with tliis wire, and the binding 
finished off as before ; the free end is then removed from the 
anchoring pin, cut off, turned over the binding, and hammered 
dowai. It should be emphasised that with any form of binding the 
method of gri])piiig the coujiling is irnyiortant. Tliis is especially so 
in the case of the male instantaneous coiiiiling described later. As 
it is liable to distortion it should be grij)])ed from the inside by a 
dc\ice sucli as an expanding mandrel. On no account should an 
external vice be employed. 

(ii) Lugless Hose Coupling. Tliis coupling is used for repairing 
hose ; it also enables short lengths of serviceable u.sed hose to be 
made into apjiroximately standard lengths. It consists of a pair 
(Fig. 5, left) of (male and female) tails or shanks similar to those of 
the ordinary hose coupling. In lieu of lugs, solid flanges with four 
holes for tightening up in conjunction with a " C ” spanner are 
employed. The screw is of the “ V " thread pattern and a leather 
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washer is fitted between the flanges to render the joint tight. Once 
this cfjupling is installed it Ls not normally broken. An alternative 


circular hnlr for wrench wingi for Lighlenin9 

Fig, 5. Left : lugless hose couplings. Right : gas thread First-ald couplings. 


method of joining two lengths of hose is to omit the screw portion 
and to use double tail pieces consisting of a pair of serrated tails 
with a collar in the middle, 

(iii) Gas-thread Coupling. This form of coupling, often found on 
firsi-aiil hose, exi.st.s in many types ; Fig. 5, right, is representative, 
and shows a “ "-thread coupling, 12 thrcad.s to the inch, for J-in. 
first-aid hose. The male coupling Ls a metal casting having a serrated 
tail to which the hose is bound, and a fixed collar with two wings 
for finger and thumb tightening. The female coui)ling consists of 
two castings, a serrated tail ending in an external flange and fibre 
washer, and a winged nut, internally threaded, moving loosely 
between the flange and the end of the hose binding. To make the 
connection, the nut of the female coupling is screwed on to the male 
by finger and thumb, a final tightening being given by pressure on 
the collar wings of the male cf)upling. Small screw couplings for 
first-aid liosc may also be made with holes for tightening with a 
" C " spanner instead of a wing nut, giving a ininiinum projection 
with coiled hose on first-aid reels. 

When running out hose with the screw-type coupling, the male 
coupling is taken to the fire and the female to the pump or water 

SUppl}'. 

(6) Interlocking Type Hose Coupling. There are three main types 
of this form of coupling : the instantaneous, the " Surelock " or 
bayonet and the lugged or hennajflirodite, also known as the 
“ Nunan and Stove." 

(i) Instanianeous Coupling. This is the most extensively used 
coupling in the Fire Seivice, being the principal emergency issue 
and having been in coininon use by many ex-regular brigades prior 
to the war. 

The principal type of instantaneous cou[)ling fitted to hose 
issued for emergency appliances (Fig. 6) has double lugs of the 
standard tyj^e. but often types are in use on ex-regular appliances, 
with pre.ssiire release action which still retain their swivelling lugs 
for running out coils of hose. There is also a type vdth very short 
double lugs (giving minimum projection) and pressure release action 
used on a number of ex-regular appliances where the hose was 
carried flaked and not in coils. 

The female instantaneous half-coupling fitted to all outlets of 
pumps, standpipes, etc., is of the single lug type, either with or 
without pressure release action, that adopted for emergency use 
being fitted with pressure release action. Small instantaneous 
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couplings are frequently used for first-aid outfits and have the 
advantage that extra lengths of first-aid tubing can be more rapidly 
added where the original length proves insufficient. 

There are two principal methods of securing hose to the double¬ 
lug type, the first being emploj'ed in couplings of British and the 
second in couplings of American or Canadian manufacture. 

The male coupling of the British type (Fig. 6, i), is a single metal 
casting with a tail (a) which is tied into the hose. The other end 
of the coupling has a lip (6) completely encircling the orifice, with a 
squared-off tooth edge facing towards the tail to grip the plunger in 




Fig. 6. Instantaneous couplings : (i) British type, male ; (ii) British type, 
female ; (iii) American type, male ; (iv) American type, female. 


the female coupling. At the inside end of the tail is a rounded 
flange (r) wliicli assists in making a good joint and protects the 
oju'iiing of the female coupling when the two are married. The 
interior diameter of the male is constant throughout, apart from the 
lip orifice, and for a nominal 2J-in. coupling is 2i ins. At the lip 
end the orifice widens out at an angle to a diameter of 2-8 ins. 

The female coupling (Figs. 6, ii, and 7) is a metal casting with a 
serrated tail similar to that oJf the male. Two liollow lugs (Fig. 
6, ii, (d) ) are placed in diametrically opjMxsite position.s on either side. 
Tn each lug (Fig. 7) a spring-loaded plunger (a) is fitted, headed on 
the inside of the coupling 
with a cam-shaped tooth 
(ft) for gripping tlie lip of 
the male coupling. The 
lop of the plunger is 
threaded to take a stop 
nut (c) which holds the 
cap (d) in position. The 
cap is circular in shape 
having externally an en¬ 
larged knurled rim at the 
top to give purchase. It 
is bored out to fit over 
the lug, which Ls shaped to form a guide through which the shank 
of the plunger passes, and by which the spring is retained and the 
tension governed, lea\ing the cap free to swiv'el. 

A threaded metal disc (e) is screwed into the head of the cap to 
protect the working parts, providing a closed top. 

It will be seen that the whole of the assembly is kept in place by 


(pj mrlil disc^ 



rubbpr Wdbhrr (Ij ^ 

malr coupling 

plunger engaged 


^spring loaded 
plunger |«) 


cam shaped loolh (b) 


plunger rpleated 


Fig. 7. Sketch showing principal pans of a 
female instancaneous coupling. 
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the stop-nut, access to which is gained by unscrewing the metal disc 
in the cap. When hose fitted with instantaneous couplings is run 
out, the caps which lie over the two lugs of the female coupling at 
the centre of the roll are grasi)ed and the hose is allowed to rotate. 
As the cap turns in relation to the lug there is a tendency for the 
stop-nut to unscrew, but in a well-made coupling this should not 
occur, since the threads are burred or punched or a grub-screw is 
employed to prevent this. 

The male and female couplings of the American type (Fig. 6, iii 
and iv) are similar in internal construction and in the method of 
engagement to the Hritish tyi>e descrihed above, but the tail is 
shfirter and is serrated internally instead of externally. The hose, 
instead of being secured on the outside of the tail by means of wire 
ties is secured tu the insific by means of an expanded metal sleeve 
or ferrule. A rubber washer is fitted at the far end of the tail, 
leaving a serraJed interior into whidi the hose i.s inserted. Before 
the liuso is plaretl in position an annealed brass .sleeve, known as a 
feniilc, w'itli an e.xtcrnal ilianieter erpial to the internal diameter of 
the hose, is sunk inside the end of the hose so that its end is flush 
with the ho.se orilice. The ho.se is then inserted into the tail of the 
coujjliiig, and, by means of a special mandrel (I'ig. 8, i), known as an 



Fl|. 8. Mandrel or cxpinder : (i) general view ; (ii) before expansion ; 
(iii) after expansion. 

expander, the ferrule is enlarged, forcing the hose into the serrations 
of the tail and thus holding it in position. 

To do this (Fig. 8, ii) the ferrule is placed round the dies (a) ; the 
turning of a threaded sleeve draws tlie mandrel (6) towards the 
handle and expands the dies, which are held in place by a garter 
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spring {c) till the stop-peg (i) (Fig. S, iii) comes up against the 
expander frame at the end of its travel and prevents over-expansion. 

An alternative British method of attadiing hose to couplings is 
by means of ferrules. In this method the serrations on the outside 
of the tail are replaced by a coarse round thread, the overall diameter 
of which is the same as the internal diameter of the hose. A special 
ferrule screwed internally with a similar round thread is slipped over 
l!ic hose, which is then drawm on to the tail of the cording. The 
ferrule is then screwed up on the tail of the coupling, its dimensions 
rifing such as to force the canvas of the hose fmnly into the threads, 
and thus hold it in position. The ferrule is screwed by means of a 
sykccial “ C " spanner. 

The male and female couplings are connected by the insertion of 
ilie male, the lip of which presses back tlie two plungers in the female 
until they are forced into position behind the rim by the aclion of 
till* sjirings. The water tightness of the joint deftends on tiir action 
of a specially sha|)ed rubber washer (Fig. 7,/), The water pressure 
acting on the washer forces it against the tapered lip of the male 
iMU])ling and against the seating of the female cou])]ing. Should a 
leak develop at a coupling due to a faulty washer this can only be 
remedied by replacing the washer. The couplings are releasixl by 
seizing the caps on the female lugs and pulling them ajiarl ; this 
action withdraws tlie plungers and allows the male coupling to come 
away. 

Under anything greater than a head of a few feet of water these 
rniiplings arc almost impossible to separate, owing to the pressure 
acting against the jilunger-s. A charged length of hose, however, 
can be uncoujiled by two men working together. One man grips the 
hose tightly between his knees, just behind the female coupling ; the 
other forces the couplings w^ell together, when it will usually be found 
that the first man can withdraw the lugs. An alternative method is 
ih bend the hose on the suppl}" side of the coupling to as sharp a 
radius as possible and then kink it to reduce the flow and hence the 
pressure on the plungers. The lugs may then usually be withdrawn. 
Occasions have arisen when a man's life has clcijended upon a quick 
disconnection being made and, in sucli emergency, tlie best action, 
whatever the type of couiiling in use, would be to cut through the 
hnse with an axe as near a coupling as possible. 

To permit of couplings being broken under pressure the single and 
double lug pressure-release types of couplings have been developed. 
The former type is generally fitted to pump deliveries, breechings and 
similar fittings. 

There are several types of pressure-release couplings. In one 
type (Fig. 9) there is only one plunger (fl) w'hich is withdrawn not 
by means of a direct pull but hy the action of a pair of rollers (6) 
running on a cam (c). On rotating the cap through part of a revolu¬ 
tion the rollers, which arc attached to a collar (d) on the plunger, 
rise on the cam and the collar in turn raises the plunger by the 
stock (e) to which it is secured. The spring (/), which is mounted 
on the stock, Ls compressed at the same time, and returns the 
plunger into engagement when the cap is released. Another type 
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Fig. 9. Sketch showing principal pans of a pressure-release coupling. 


has no rollers but comprises two cams acting one against the other; 
any rofary movement tends to force the cams apart and thus 
withdraws the jdlinger. The male coupling is identical with that nf 
the previniis tyjie. The chief disadvantage of the single lug coupling 
is that, having only one point of engagement with the male, it is 
rather less secure. 

In order to permit maximum interchangeability, instantaneous 
couplings arc now made of the same connecting size irrespective 
of the size ai hose. This permits two lengths of hose of differing 
size to he connected without the use of adaptors. Thus in the 
standard ctnipling for use with dj-in. hose, the tail is enlarged to 
accommodate the hose, whilst in that h)r I J-in. hose it is prn])or- 
tionately reduced. It should be emplia.si.sed that whilst the tails of 
the couplings are restricted to use with the apt)ropriate .size hose, 
the marrying fiarts are t)f r)ne standard and are inter diangeable 
(Fig. 1(1). Thus a length of 2i-in. hose could he connected at one end 
to in. and at the other to IJ-in. hose by means of the couplings, 



(ij iXins. hOftv 


Tii) ins. hose 




(iii) ins. hose 


F'g- 10. InsLaruaneous hose couplings for atcachment Co hose of different 
diameters. 


without tlie use of adaptors. It has been found by experiment that 
the restriction in the bore wlicii using the standard coupling with 
3j-in. hose docs not cause undue losses. 

When running out hose with instantaneous coiipUngs the 
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female coupling is taken to the fire and the male to the pump or 
hydrant. 

’ (ii) Surelock " or Bayonet Coupling. This coupling, whilst not 
uidely used, is employed in certain branches of the Fire Service such 
as the ex-regular river service of the former London Fire Brigade, 
and on radial branches (see later). 

The male coupling (Fig. 11, i) is a metal casting with a tail (^i) 
having external serrations for attaching the hose by wired ties. 
Near the other end is a wide flange (/)), around which arc three 
regularly spaced semicircular indentations (c), whilst | in. from the 
orifice, l>ing central with the indentations on the flange, are three 
flat bosses (tf), each of I J in. overall length. 



(i) [u) (Hi) (iv) 

Fig. II. Surelock " couplings : (i) male ; (ii. iii and iv) female. 


The female coupling (Fig. 11, ii, iii and iv) is a metal ca.'^ting with 
a tail .similar to that of the male. A hea vy collar (r), slightly stepped 
hack in two steps towards tlie tail, is tilletl at the rion-serrated end. 
On one side of this collar, formed in the cabling, is a srpiared con¬ 
tainer (/) protruding froJii the collar. TliLs container ha> a spring- 
loaded pin (g) running parallel with the coupling and held in position 
by a holding nut (/i) with its head towards the shank einl. Inside the 
rmifice of the coupling arc three equidistant hos.ses (/) and a rubber 
washer (k). 

On connecting the couplings the male is inserted in the female 
.so that the internal br).s.ses of tlie latter engage with the external ones 
of the former, and the male is turned until the sj)i ing-loadial pin is 
free to move into one of the indentations on the male flange. The 
couplings are released by pressing the })in in against the spring 
and giving the male a partial turn. 

(iii) Lugged, Hermaphrodite or " Nunan and Stove " Coupling. 
This t 5 ^pe of interlocking coupling i.s used chielly by tlie Admiralty 
and the Merchant Service, and the l*'ire Ser\it;e should norinally 
only come into contact with it at docks and on board shij).s. A.s its 
name implies, both parts of the coupling (Fig. 12) are identical, and 
it is the one case where no reference can be made to the male or 
female coupling. Each jiart consists of a metal ca.sting with an 
external serrated tail (a) for wiring on the hose, tenninating in a 
collar slightly over 1 in. in depth. On this collar are two diametri¬ 
cally opposite lugs (?>). extending Ijcvond the orifice. A squared 
indentation (c) is cut on the inside of this extension to engage two 
tapering flanges [d), each commencing at one lug and ending some 
2 ins. short of the other. 
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Fig. 12. Hermaphrodite couplings. Left: half-coupling and two half- 
couplings joined ; Right: section and end view of half-coupling. 


To conneict hu.se by means of tliis coupling, the two parts are put 
togetlier su that the lugs of each pass through the gaps between the 
lugs aiul the flanges on the other. A partial turn of one section then 
locks lb('. r i)ii]jling. The chief disadvantage of this coupling is 
piissiV)]e leakage and the tendency to work apart, there being no 
jjf».sitive grip. Ihe advantage Is, of course, tliat it is immaterial 
whicli end of the liose is run out. 1‘his coupling was used during the 
first world w;ir as tlie basis of a universal adaptor to enable brigades 
with different hu.se cuujilirigs to work together. 


2. SUCTION HOSE COUPLINGS 

Tiiese cniipliiigs are similar in princii>le to the screw-thread 
delivery hose coupling, 'riicy arc made in tlic following nominal 
sizes : U ins., 2 ins., ins., .1 ins., 4 ins., ins. and 7 ins. 

The male c'oupling (Fig. 13, left) has a tail («) with external 
serrations, two li.xed lugs and a threaded end (i:). The thread 
noiimlly userl on suction hose couj)lings is known as the standard 



Fig. 13. Suction coupling. Left : male. Right : female. 


suction round thread and its dimensions have been laid down in 
British Standard Specilicalion No, 330. This thread has three turns 
to the incli, tlie miinher of turns on a coii|)ling varying between 
f(»iir and .six according to the iioininal size of the coupling. This 
tyjie of tlirtMd is used on the 2i-in., 3-in., 4-in., SJ-iii. and 7-in. 
couplings. The U-in. coii|iling5 used on the suction for two-man 
manuals and the 2-in. couplings used on light portable pumps have 
“ V ’’ tiircatls. and in addition the lengths of 3-in. suction issued for 
connecting emergency collecting heads to standpif)es have been 
fitted with 2Fin. instantaneous or round-thread couplings. Some 
variation from the above sizes and threads may also be encountered 
on ex-regular ajipliaiices. 

The female colliding (Fig. 13, ri^ht) consists of three castings : 
tail (fi). sleeve (tf) and nut (e). These are as.sembled in the same 
manner a.s tlie female round-thread delivery hose coupling. The 
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nut has four lugs as against the two on the mEile. The threaded end 
of the male coupling is slightly enlarged internally to seat against 
a leather or composition washer in the female. 

The threads of suction couplings should be kept lightly greased ; a 
graphite grease is very suitable, but if rubber washers are employed 
care must be taken to see that the grease is not allowed to come in 
contact with them and so cause deterioration. 

Since a leak, however sniaJl, in suction coujilings would allow air 
to enter and make it impossible to obtain the necessarv jnessure 
drop to lift water, particular care in their inaiiitcnancc is essential. 
They should never be dropped or rouglily handled in such a way as 
to distort them, and when joined together they must be tightened by 
using two suction wrenches, ime on cither coupling. A suction 
wrench (Fig. 14) consists of a short length of steel bar, about 9 ins. 



l'>ng, one end of which is beaten flat and shaped into a .semicircle to 
fit the size of suction on which it is to be used. An eye is provirled at 
llie .shaped end for engaging the lugs of the cou|)liiigs, and care should 
taken to use the wrciicli in the correct way, so that its curve 
fullow.s the coujding. Four .sizes of .suction wrench lia\'e been Issued 
M ith emergency appliances, .‘j ins., 4 ins., 5J ins., and 7 ins. 

ADAPTORS 

.Adaptors are fittings made for the purpf»sc of connecting hose or 
>U(:tion couplings of different types or siz(‘s or for connecting the 
male to male or female to female parts of the same type of cou]ding. 

They consist of a metal fitting terminating at eacli end in a 
coujjling and average between 4 and R ins. in k iiglii. 

Adaptors are usually cast as one titling, except in the case of 
screwed female ends where the nut and sleeve are sej)arate. 

I. DELIVERY HOSE ADAPTORS 

The follo^ving types are in general use :— 

(o) Adaptors for connecting male or female parts of the same 

type of coupling : 

Male to male 1 Round thread, " V ” thread or instan- 
Female to female J taneous. 

ib) Adaptors for connecting two different tvpes of coupling : 

Round thread to instantanenus (Fig. 15, 
Male to male left and centre). Round thread to 

Female to female Surclock, " V " thread to instan¬ 
taneous. 

Male to female . Round thread to " V thread. 
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As an emergency measure, adaptors for connecting screw thread 
to instantaneous hose have been made by tying two hose couplings 

of the required type 
one into either end of 
a 9-in. piece of hose. 
Special adaptors for 
connecting into the 
delivery and into the 
suction line of a pump 
are also used with a 
multiple jet inductor 
for the larger size 
foam - making 
branches. These 






15. Adaptors. Left: round thread male to 
instantaneous male. Centre : round thread 
female to instantaneous female. Right: round 
thread female to gas (Hrsc-aid) thread. 


.lie dealt with in the Chapter on “ Foam and Foam-making 
Brandies.’' 


2. HYDRANT ADAPTORS 

These adaptors ai e used between the base of the standpipe and the 
hydrant outlet, and may be of the same pattern a.s delivery hose 
adaptors, tlioiigli otliiT rumbinations of thread or connection, such 
as fern.'de bayonet to female instantaneous, female round thread to 
lugged, or lugged to male “ V ” thread, will also be found. 

1. FIRST-AID ADAPTORS 

The first-aid ailajitor (I'ig. 15, right) is used to connect first-aid 
tubing direct to a hydrant or to a length of delivery hose. It consists 
of a metal casting fitted with a female round or “ V " thread or 
male instantaneous coupling for attachment to the hose or hydrant 
outlet, and a gas thread connection or instantaneous first-aid size 
female coupling to connect to the first-aid tubing. 

4. SUCTION ADAPTORS 

These are useil for connecting delivery hose to hard suction or 
to the pump inlet nr to join lengths of suction of differing diameters. 

(o) Z^eto/ Costings. Suction adaptors normally consist of a 
metal casting with cither a male suction coupling and a female 
instantaneous (I'iU>. i) or male screw' coupling (iii), to take the 




Fig. 16. Suction adaptors ; (i) male suction to female instantaneous delivery ; 
(ii) female suction to male instantaneous delivery ; (iii) male suction to 
male round thread delivery ; (iv) female suction to female round thread 
delivery. 
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hose or a standard female suction coupling with a male instantaneous 
(ii), or female round-thread coupling (iv) at the other end. 

Adaptors for connecting suction of differing diameters usually 
have a female connection at one end and a male at the other. 

(b) Suction Reduction Piece. This consists of a short length of 
suction hose from 3 to 6 ft. in length, smaller in diameter than the 
main suction, with an appropriate hose coupling at one end for 
attachment to a standpipe head, and a female suction coupling at the 
other for union with the main suction hose or tlie pump inlet. 

BREECHINGS AND MISCELLANEOUS FITTINGS 

Breechings, generally speaking, are used for two piirpn.ses ; for 
uniting tw'o lines ofho.se into one (known as a collecting l)reeching), 
or lor dividing one line into two (kiiow'n as a dividing breeching). 
There are also special breechings, .such as siictiun brceLliiugs, wdiicli 
bring two or more suctions to a common inlet. 

I. COLLECTING BREECHINGS 

Collecting breechings may be of two princij'al types (i^) where 
the two inlets and the outlet arc all ilesigueil to connect to ho.->e of 
the some diameter, and (6) where the tw^) inlets are de.'^igiietl to take 
hose of one diameter and the outlet that of another tlianieter. 

(o) The simjjlest form of collecting breeching is >ha])ed like a 
“ Y " (l^'ig. 17. left and centre). Kach of the two legs is iitted 
vith a female coupling, if the breeching is fur screwed couplings, or 




Fig. 17. Colleccing breechings. Left: instantaneous couplings. Centre : round 
ihread couplings. Right ; breeching for use with a deluge set. 

a male coupling if for instantaneous liose. The single couj)ling on 
the stem of the " Y is male, if screwed, and female if instantaneous : 
in the latter case a single-lug pressure-release coupling is used. A 
control collecting breeching similar in construction to the control 
dividing breeching showm in Fig. 18, right, ma\^ also lie encountered. 
This is illustrated in Fig. 33. Breecliings are normally made of gun- 
metal, brass or bronze. 

(?d The collecting breeching for use with a largo branch, such as 
a radial branch or deluge set, differs somewhal owing to the use of a 
short length of 3i-in. hose as a feeder. Breet hings for this purpose 
have an outlet coupling of the 31-in. " .Surelock " or V thread type 
and inlet couplings to suit round thread or instantaneous hose. 
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A typical example is illustrated in Fig. 17, right. The supporting 
legs on the undersirle are fitted to ensure that the breeching is 
placed on the ground in the correct position. If it were placed 
upside down tlie llaj)-type non return valves would not operate. 

(c) The sucti(jn Ijreeching, which is now being superseded by 
the ctjlJecling head (see later), consists of a " Y "-shaped gunmetal 
bra.ss or bronze casting fitted with a standard female suction coupling 
at one end for ..Utacliment to the suction inlet of a piump and dividing 
at the other end into two legs, each fitted with the appropriate 
coupling for rrjnner.ling delivery hose. The function of the breeching 
in tlie case of a pump with one inlet is to gather water from two 
dilfercrit sources. In tlie ca.se of a pump equipped with two inlets, 
the suciion breeciiiiig is attached to one inlet, the second being either 
blaiiked uif or connected to the .suction hose. 

Tliis breeching is unsatisfactory for use wdien relaying. The 
ab.'.eiK c of non return valves results in the possibility of reverse flow 
occurring when tv\in lines of hose connected to the breeching are 
working at uiifsinal juessurcs. 

DIVIDING BREECHINGS 

These breechings are [irincipally ased to divide a line of hose 
under good jxessure into two line.^, so that two branche.s may be 
u.sed, parlicularly when cooling down. Such a breeching is often 
used lo feed two 1J in. lines of hose from one 2.1-in. or ‘Jj-in. line, a 
good example of the value of having a .standard .size coupling. Tlii.s 
breeching, if hir iiistaiiianeous lii.»se (Fig. 18, left), would consist of a 
niah^ inlet and two teinale (pres.sure ndeasu) outlets, wliilst for 
scteweil hrjse coiii'liiigs (I'ig. 18. caitn') the breeching waiuld po.ssess 
a female inlet anil two male outlets. 

A sj»eciali^e.l form of dividing breeching Ls the " control dividing 
breei:liing.” In lids the two outlets and the inlet are controlled by 
a \’alve (Fig. 18. righi) uiiich can lie rotated to shut off either or botli 
legs. The posilioii uf the control handle fur the various operating 




Fig. IB. Dividing brcccMn-s. Lcfc: instantaneous couplings Cenire : round 
thread couplings. Kighi; contro' breeching. 
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positions varies with different models, but Is usually clearly marked 
on the breediing itself. The advantage of this breoeliing is that 
either hose line can be shut off without dosing down the i»ther and 
lengths can be added or removed as desired. The e.\aci position 
of the valve varies with different models, and these breechings are 
also found having a separate valve on each of the legs. 

These breecliings are of particular value wlieii ligliring heath and 
similar fires where lung liose lines are in use and w'aier is extremely 
scarce. 

i, ANGLE FITTING 

This is a right-angled metal casting fitted witli a coupling at 
either end. It is used on the outlet of a piiiii)' or for insertion 
between the two halves of a coupling in nnler to di.inge the direction 
of a line of hose in a conlined space wiiliuul kinking. 

4. BLANK CAP 

A metal casting (see Fig. 9, used for shutting off an inlet or 
an outlet such as the delivery on a puin|:» or the iiilei on a collecting 
ht‘.:id. Larger blank caps are made to shul off the Miction inlet on a 
pump. 

BRANCHES, NOZZLES AND BRANCH-HOLDERS 

The bninrh-jnjie, or branch as it is now generally called, is used 
at the delivery end of a line of hosi' U) increase llie veloi itv of the 
water and so \delfl an effective lireligiiting jet. The si/,e id the jet 
is governed by the nozzle, which screws on to tlo' oiilier end f>f the 
branch. In the carlie.sl examines, lirancli and iiiizzle were in one 
piece. 

The branch consists of a ineial tuia* having an iniiai )! rliaineter 
which reduces gradually in size towards tlie deliwry einl. The 
reductitjn in area is further coin iiivasl in the nozzle until at the 
oiilice the diameter measiireiiient i^ that by wliicii the iioz/de ami jet 
are known. 

Recently, in an endeavour to redm e the vveiglil of tliese fittings 
and to economise in metal, expen.'oiTiis 1j ive been made with 
jilastic mouldings incorporating a metal iioz/Je. riie^,e experiments 
have so far proved inconclusive. 

I. BRANCHES 

Branches may be dirided into two principal classes : 

(a) Tho.se that yield a fire stream in the form of a jet which 
cannot be controlled by tlie ]>ranch f>;>urator. 

(b) Those that provide for .some form of control by shutting 
off the jet, altering its shape or size, or changing its character, 
e.g., converting it into a .spray. 

(o) Branches and Nozzles giving a Jet not Controlled by the Operator 
(i) " Ex-regiilar " Branches, These are usually of copper, fitted 
with citlier a round or “ V ” thread female or a male insiantaneou.s 
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couplinf' at une end to lit the huse and a male “ V " thread or small 
round-thread cuniiecti jii at the other to take the nozzle (Fig. 19). 

The interior of the branch 
is free from obstruction. 

The length of these 
branches varies consider¬ 
ably. In the nineteenth 
century branches were often 
as much as 6 ft. long, and 
those with a length of 2 to 
4 ft. are siill found, e.spef:ially in factories, hotels and other similar 
prciniMis, ofti n of an antiquated design. To keep the weight within 
reasonaldc* liiniLs a lung Ijranch is necessarily of light construction 
and cuiisequently is cicsily damaged. 

Mudern lypes are f/mn 1 ft. to 1 ft. 6 ins. long. The delivery 
orihre. over whir li the nuzzle screws, has a diameter of 1-75 ins. 
for nozzles up lu 1-5 ins., ami a second type has a diameter at the 
tJiilice uf l-fi ins. fur nozzles uji to 1-20 ins. A washer, usually of 
leather, is used fur making a tight juint beiw^ecn branch and nozzle. 
These types are suiiielimes kiiuwn as long branches. 

LiMlIier and rul)l»(T branches arc sometimes met with : it is 
claimed that they are lighter and ea.sicr to handle in cold weather. 

(ii) Kmcr^nicy Branches. As understanding ha.s increased of 
what lKLj)pi‘ns in the hranrh, the length lia.s been progressive!}^ 
rtnlured : the emergency branch, suinetirnes known as the short 
branch, which has been issued in large numbers, is only S ins. in 


CDDorr lubF washrr 



Fig. 19. Typical long branch 


cyl'indri c 
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Fig. 20. Short branches. Left : round thread. Centre : streamform. 
Kighc: inscaniancous. 
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overall lengtli fur the ri»und- or " V ” thread type (Fig. 20, left), 
or ^?-2u ins. fur the instaiUaiieuus type (lug. 20, right). 

It cun^islii of a solid brass casting, the a[)i)ru.\imate weight of 
which is U ll)s. fur the threaded type, and .‘1 lbs. 10 ozs. for the 
instaiitaneuiis 1> j>e. Owing to its robust construction it will stand 
ruii.gh tieatnieiit that would .severely damage a lung branch. 

(iiij Streanform Branches. The streamfurm brancli (Fig. 20, 
is similar to the short branch in outward appearance, but 
internally is I’ltied lliroughout its whole length with a cylindrical 
central tube oikui at both ends and of 1 in. diameter, held in position 
by three longitudinal guide vanes. The ad^'antage claimed for this 
branch over the long or short lype.s is that it gives a more solid jet. 
This is based on the theory that the speed of water flowing in hose is 
greater in the centre than at the boundary where there is friction 
with the wail. As tlie cross-sectional area of the central tube does 
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not diminish, the velocity of that part of the water which travels 
through the tube must be the same at the end as at the beginning. 
The velocity of the slower moving water in contact with the walls 
of the hose is greatly increased in the branch r)wing to its taper and, 
on reaching the nozzle, is actually travelling faster tlian the water 
leaving the central tube. Thus the jet is composed of a central core 
held together by a faster mo\ang outer .sheath of water, which tends 
to drag the core along with it, the friction of Llie particles holding the 
wlioie together and giving a solid jet. This brancli is usually of much 
the same length as the short branch. Some manufacturers have 
made a longer model, but there are few of these in general use. 

Tlie streamform branch is not a standard issue but is carried on 
many ex-regular appliances. 

(iv) Twin or !^idmese Brunches. In order to deal with greater 
ijiiantiiie-s of water than is possible with a branch fed by a single 
line of hose, twin branches liave lu?en employ ed in some localities. 
Tlie-.e consist of a relatively long branch wliich bifurcates at the 
l!)wer end, each leg termirialing in a coupling for attachiniMit to a 
line of delivery hose. The branch i-^ thus fed by twin lines of hose. 
Owing to the greatly increased reaction of the larger nozzle whicli 
can be employed and the added weight f)f tlie twin hose line, a simple 
form (jf holder is employed. 

(v) Extended Brunches, These are .sometimes used at grain, coal, 
ii.ivstack and similar iires. 

They are. found in varying lengths and sizes, many of tliem having 
been made up locally from copper, brass or other metals to suit 
particular requirements, liraiichcs for ilealing with tires in coal 
slacks and biinkeis. ftu' exanq^le, are usually some U) ft. in length 
and constructed from steel. A typical e.xaniple consists of a Ib-ft. 
li'iigth of 2.J-in. steel piling liaving at one eiirl a pointed head which 
is pierced with a number of J in. lioles and at the other a tlireatl on 
whicli may be screwed either a collar contaiiiing a stanrlird hose 
couj)liiig or another lO-ft. section of piping tf> exLcjul the branch 
still further. A driving Iiead may alsf) be screwed on tf) this thread 
to enable the branch to \}c driven into the stack or bunker, after 
wliich the head is witlidrawn and the coupling screwed on so that 
liosc can be connected. * 

In some localities smaller branches often from 2 to ft. in length 
and of less than 12 J ins. ili iim^ter are u.^ed, particularly for dealing 
with tiru-s in havricks. A .sliding adjustable crdlar is srimetirnes 
provided on .sucfi branches by rneaiis of whicli tlie angle at which 
the water i.s emit led into the stack can be varierl. 

(b) Branches which can be Controlled by the Branchman 

(i) The Hand-controlled Brunch, This branch, also known as the 
" London " branch (Fig. 21), is most aseful for small lire.s and form.s 
part of the equipment of the majority of ex-regular pumps and pump 
escapes. With it either a jet or a spray or both can be obtained, 
each being indejKindently controllable by the branchman. The 
spray may be adjusted to any desired angle as circumstances require 
and may be used as a protection against heat and smoke, whilst at 
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the .same tinif: a solid jot is available with which to attack the heart 
of the lire. As both jet and sj^ray can be shut off at will, the branch 
is valuable as it minimises water damage, whilst the spray is also 
useful for turning ov't;r and cooling tJ<jwn purposes. This type of 
branch should inu orrlinarily be used with a imrnp since at normal 
pump prcssuie injudicious use of the Mhut-olf may result in burst 
lengths of hose, damage to llie jiump and danger to the operator 
and men working on other lines of ho.^e. 

The luanch cnrisi.ts of 14 metal jiarts including screws and 
detachable nnzzJii. Tlie main casting is made of aluminium, 12 in.s. 
in letigtli, with a lixed leinale rf)iind- or "V" thread or a male 
inslantaneiiiis coujding at r>iie end for connecting to the ho.se. 
'I he (;isriii!.j i- tiiluilar in -haj^e and, aj)art from tlie coupling, is 
cylindrical tiiroug.hoiit its whole length. 

ik‘)o\v the fjf the lujz/le is a rotating collar (a), fitted with 
lugs, which controls the s[»ray ; and approximately halfway down 


(*) 

rol^linrj collar 
contiullitig spray 


tbl 

5pmi-cirr'.;lar hanrllf 
coiilrolling jrl — 


I L 

vfi R spray ouCel 

.:-.Ti nr 






bolh jpi & sprjy shut jri op«*n: spray shul jpl shul: spray open 

Fig. 21. Hand-corurolicd br anch. Left: jet and spray shut. Centre ; jet open, 
spray shut. Ri^’hc : jee shut, spray open. 

the raslinga semicircular handle controls the jet. In its e.sscn- 
lials (lie hvLiid cuJitrulled branch con^i.'^ts of an inner tube (r) com- 
miiiiicaiing direct with the nu/.zle, g(»\eriied by a jet valve (d) 
o|HTali’d l\v llii* semicircular liandle. aiul the annular space between 
the inner lube and the main casting conmuiiiicating with the sjiray 
outlet, whii'h is opened or closed nutating the movable collar on 
a screw liiread, the a.djustinenr wiiicli controls the angle of the 
.spraw 

The action of the liand-controMed l^ranch i> as follow.s : The water 
from the Incse erueis iutn ihe main castiiig id the branch ; if the jet 
valve hainile i- in it- iorward pi^iiion (Kig. 21. left) tlie entrance to 
the iiiiiLM' tube is clo>L-d ; if tlie hamlleis pulled Inick (big. 21. centre), 
the l»ore in the vah t' allow> i!ie water to jiass throiigii into the lube 
and so to tlie nuzzle from whitli it di-eharges in jet form. The 
nozzle is screwed to the Irranch in the ordinary way and ctm be 
replaceil by nuzzles of other sizes as desired. Normally a |-in. 
or j-in. iiuzzli* i.- einp’un ed but smaller ."izes can be used according 
to retpiiieiuLMils. The iurenial diiiuii>iuns of the branch do not 

76 



CHAPTER 5 


H058 FITTINGS 


j^ermit the use of nozzles larger than J in. nor would their employ¬ 
ment be WLse in view of the use of a shut-off valve. Entirei)' inde¬ 
pendently of the jet valve, water from the hose by-passes it and 
continues along between the inside wall of the main casting and the 
outside of the inner tube, into an inner sleeve, and emerging through 
a series of oblong holes in the latter into ilie main casting. (Early 
models of this branch ha\’e a bulge formed in the m:un casting at 
this |Xjint. This bulge has now been abandoned.) The water 
continues until it hits a flange on the branch nutlet piece. Its 
further passage is controlled by means of the lugged collar. If this 
collar is turned on its thread in a clockwise direction (when looking 
towards the jet) it prcs.ses tightly against the flange on the branch 
millet and the water can flow no fiirtluT. If it is turned anti¬ 
clockwise (Fig. 21, rigJit) a gap is created and the W'ater flows out 
in the form (jf spray, the angle of which is ciuitrolled by the amount 
of turning given to the collar, in other words according to tlie size 
of tliegap. The spray can be varied from a cone of about 30 to 10 deg. 
to a flat sheet of 180 deg. 

When changing over from jet to spray it i.s important to see that the 
spray is turned on before the shut-off controlling the jet is o|>erated. 

(ii) Diffuser Branch. There are several classes id lire winch can 
be dealt with more satisfactr^rily by the use of water in a diffused 
fi rnn than l)y the usual straight jet or lire stream. Inclurled in these 
are fires involving iMllammable liquids, c.g., varnish or small qiiaii- 
tiiies of jjctrol. Fires in prernise.s mniaining inllaminable matenals 
of a light natine can also be effectively dealt with by this method, 
firovidcd tliat the diffused water can be used at close range. 

The diffuser Inanch sup])lied for emergency use (Fig. 22, left) ha.s 
the advantage of providing by adjustment either a good lire stream 
or a fineh' diffused spray. The sfiray can be controlled and has a 
wide range varying from an intense mist over an angle of 180 deg. 



dirfusrr branch brarwh fuMy dosfd branch fully oprn giving 

IBO drg. &pray 

Fig. 22. Emergency type diffuser branch. Left ; general v.cw. Centre : sec¬ 
tional view, fully closed. Right: sectional view, fully open. 

(Fig. 22, right) to a crjmplete shut-off (Fig. 22, centre), and the 
operator can judge by experience the best adjustment for the tyi>e 
of fire concerned. 

For smoke dri\'ing, or for cooling the atmosphere in a room, the 
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best adjustnieni is when the spray forms an angle of about 90 degs. 
If a lirpiid fire is to be attacked, ihe angle of the spray should be 
closed down to aVjoiit .'iO degs. to give a very dense or concentrated 
spray. This type of spray is also very useful for attacking fires of 
ordinary free burning material at close quarters, e.g., inside a room. 

If circiiinstantes prevent clo.^e approach to the fire, the spray 
angle c?in be chised down until a moderately good fire stream or 
straight jet is produced, aiirl for small fires where the use of large 
(piantiiies of water is uudo.irable, or where only a small quantity of 
water is available, the jet can be reduced still further until it is 
comparable with the .small jet in the first-aid apparatus used on 
ajipliant trs. 

it has b(M‘U ffjund by e.\'i>eriment that the l)est results are obtained 
if the i)ie:-i>iiie at the ba.e of the branch is maintained at 80 to 
101) lbs, per .^q. in., altlmugli cjiiite good results are obtainable with 
|)res>uTe> as Inw as oO )bs. jicr s(p in. 

The amminl; nf water rli^chnrged in g.jMii. at various adjustments 
IIiiMugh the ililiLLA:i branch is.^ued lor emergency puqjuses i.s given 
in fable 1 
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Special care iniisl be taken to ensure that tliere is no obstruction’ 
in the orilice betwi'en the dellcclor and the nozzle, otherwise poor 
streams or sjirav will result. 13raiu:lics should be examined after use 
and any obstructiiui remm ed. 

The consti uctiuu of the branch is shown in Fig. 22. It consists of a 
main body in whicli i.s rigidly mounted a mushroorn-shaped deflector 
and a male iiistaiitaneoiis cou]ding for connection to the hose. A. 
I'otating sleeve (a) with a milled grip travels in a coarse tliread .screw. 
At the forward end of the sleeve is a machined recess (b) somewhat 
wider in diameter than the head of the deflector (r). As the sleeve 
is moved forward this rect^ss envelops the head of the deflector, 
leaving an aiiiinliir oiH'ning which is gradually reduced as the sleev'e 
moves forward, until it is closed t)if when the sleeve reaches the full 
extent of its travel. When the sleeve is fully withdrawn a flat spray 
(ISO deg.) is produced, whilst as it is mov'ed forward the angle of 
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Fig. 23. Nozzles 

:. Left : 

emergency 

pattern 

with ■' V ” 

thread 

connection. 

Right : 

nozzle for 

branch 

with round 

thread 

connection 


lie nozzle 1 .1 ; 

1 larf,'.; 


spray is progressively reduced owing to the directing effect of the 
recess. 

2. NOZZLES 

(o) Standard Nozzles, Standard nozzles tn fit any of the branches 
used vrith and 2J in. liose are made ui' machined guiiinetal 
or brass, and vary in overall length from 1 to ins. Standard 
nozzles are fitted with a female connection 
for attachment to the branch and may be id rrj y 
" V thread or a round-thread of live tJireads / ! I I 

to the inch (Fig. 23). /.; V ( j 

The “ V " thread is the more common and I -yBa I oFl 
is now standard except for replacement.^ for Vhexagon baL 

exLStinK equipment. The interior of th«‘iioz/le r .n ki ■ . r 

. 11^1 1 ■ r 1 XI rig.23. Nozzles. Left : 

at the branch end is of the same bore as the emergency pattern 

internal diameter of the delivery nrihcc of tlie with ■' v ” thread 

branch and continnes so for a short distance, connection. Right : 

when it gradually tapers off to the required 

bore by which the nozzle is named. As a connection 

precaution against damage, the delivery oiitice 

is countersunk in the nozzle to a depth of J in. The nozzle 1 .1 a largo 

rim as a further protection. At the branch end the nuzzle is lie,\a- 

gunal to permit of the u^se of a special spanner for coupling or 

uncoupling. The nozzle spanner consists of a simple furgiiig wliidi 

may be combined with a hose sjKinner (Idg. 3) where screwed 

couplings are in use. 

These nozzles are made with the following tleliviay bores by 
which they are known : in., j in.. in,. | in., k in., J in.. J in., 

J in., 1 in., 1| in., in., l|j in., U in., IjJ in.. 1^^ in.. 2 ins., and 
occasional larger sizes. The /|j -in. nozzle is generally used in place 
of the first-aid outfit in conjunction with li'-in. hose, whilst nozzles 
from I J in, upwards arc used on radial branches. d(‘hige sets and 
monitors. Nozzles for deluge sets or nionit irs range in size in this 
country up to ins., lint a fireboat of llie New York J'ire Depart¬ 
ment ha.s a monitor fitted witli a 5-111. nozzle. Generally .speaking, 
any nozzle over in. has a coiinection to lake a spei ial branch 
outlet of a larger size than that of the standa rd long i a short branches, 
e.g., as on a monitor. 

The " working nozzle” is an exprtJssion used ff»r tlic nozzle on 
the branch kept pennancnlly coupled to the first line of iiose to be 
got to work at a fire. Working nozzles vary in ; ize tljroughoiit the 
country as they are determined by local i)refererice, the availability 
of water, and by the capacity of the pump. 

Nozzles should be .subjected to frerquent inspection, special care 
being taken in looking for scratches or indentations and in checking 
that the inside section is truly circular. The orifice itself should be 
knife-edged. The smallest defect or the absence of a highly polished 
surface will result in a broken jet. Nozzles should not be tiglitemed 
on to the branch with excessive force, or the wa.sljei', usually of 
leather, is distorted and a leaking joint may ensue. 

(b) First-ald Nozzles. These are nozzles usually of a very sim[)le 
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pattern resembling a large pet-cock (Fig. 24) in which the jet 
can be turned on and off by means of the rotating plug. In the 
maj^)^ity of these nozzles the handle lies at right angles to the nozzle 
in the “ off " and is pushed forward to the " on ” position. The 
nozzle is attached to the hrst-aid tubing by means of a female 
“ V " threaded connection (12 threads to the inch) which is screwed 
on to a luglcss male connection on the tubing. 

There are, liowever, various other types of first-aid nozzles, such 
as those where the nozzle is part of the body 
of the pet-ciick, having a female screw inlet 
or a male instantaneous inlet, or, again, a 
detar.ha])le nozzle. Jn another type in which 
the f)et-cock has a serrated tail for wiring 
direct to the lio.se, it may also liave a detach¬ 
able nozzle. All the above types may have 
on the outlet .side of tlie cock a female instan¬ 
taneous first-aid .size coujding to lake a 
detachable nozzle having an instantaneous 
male inlet. This is frequently used and is 
designed so that in place of tlie nozzle a 
further length of hose can be connected. 

The usual size first-aid nozzle is fg-in. bore and 4 to 5 ins. in 
length. A ring uf rubber is frequently fitted around the base to 
lessen the chances of damage. 

(c) Shut-off (First-aid Type) Nozzle for 2J-/n. Hose. This nozzle, 
similar in action to the lir-st-aid nozzle, is coupled directly to hose 
fitted with routul-lhi earl couplings. Nnzzlivs f>f this type were issued 
on a restricted local basis to self-jiropclled heavy units pending the 
receipt of diffuser branches. Such nozzles, which are ^ -in. diameter, 
can best be uscfl from a low-pressure hydrant and create as little 
damage as would a genuine lirst-aid outfit. 

(d) Small Nozzles. A large variety of small nozzles are in use 
for hand puin|)s, stirrup iiumps and chemical extinguishers. These 
nozzles are either ilesigned for a jet, with or without a control cock, 
or are of a doul)le-actiiig nature such as the thumb-operated nozzle 
uf the stirrup pump. Tfie siirriij)-pump nr)zzle is intended for use 
as a jet or spray and the changeover from one to the other is obtained 
by a metal slide containing a round hole for tlie jet and an oval slit 
for the spray, which can be pushed across the orifice of the nozzle 
by means of the thniiib. The dual nozzle is, how'ever, now being 
discontinued in favour of a nozzle giving a jet only. 

(e) M/sce//aneous Nozzles. A great number of uncommon nozzles 
W'ere in use by ex-regular brigades, some of general manufacture, 
and others made uji locally. Among.st these may be grouped 
nuzzles gi\ing a jet which can be adjusted to any size from 
shut-off to I in., various types of spreading nozzle and fan 
spreaders, globe spreaders, rose nozzIc.s and a wide range of spray 
nozzles and general spreaders for washing dowm or cooling dowm 
purposes. 

(f) fiasement Sproy. In place of a nozzle for producing a solid 
jet, what is known as a basement spray (Fig. 25) may, for special 


Mopcock 



Fig. 24. Section of 
firsc-aid nozzle, snow¬ 
ing rubber ring to 
protect it from 
damage. 
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Fi^. 25. B.iscmenc 
sp-iy for Lon- 
ncLtion to a 
branch. 


;varpo.sef?, be connected to the branch. Thi.-'^ is a ^iinmetal fitting 
\viih a suitable tliread for attachment to a branch liaviiig o;a the 
; iwer end a fork to whiclj i.s bolted, at right 
arvgles to the branch orihee, a deliectnr iflaie so 
(.instructed as to throw a spniy of v/ater in all 
dirccti'.ns like a .‘sprinkler Tin's spr.iv is 

used for dealing with lire? in baseiiKnUs and sliij>.s' 
holds, where an all-round cooling eiloci is re- 
qiiired. If the hrancli i.s nf tlie screwed riiiij.line 
tlie basfMiieiit sjiray and bniich shonhi lit* 
iashed to tlic hose roiiplinc liv nicaiis of a. In-lr 
line, wdiicli is normally kiqit |nTiuaner.'J\- f isiened 
to the spray. The impact of t!ie water on die deile tor lias a teiideiicy 
t'» cause the whole spray to unscrew olT the liiaiiidi. 

(^) Elbow-for-nozzle. This is a metal attachment (Fig. 'Jr) 
which can be fitted between the brancii :nKl liie 
nozzle so a.s to enable a jet of water to be 
delivered at right angles to the liranch. 'I'lii; 
extension to the branch is iiseri for attai'kiiig tires 
in a basement or ship’s liold, when, owing io the 
density of tlic .smoke or for any other reah.oii, it 
is irnjKis.sible to get down to the fire. 


tonn'rct'on 
lo norile 


/ 


connecliori 
U> Lr<jr' n 


Fig. 26. Elbow- 
for-noizlc. 
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J. SPECIAL TYPES OF BRANCH 

In addition to the long, short or diffuser 
branches, a numlicr of specialbed forms of branch for dealing 
[lariicular kinds of fires have been developed. 

(o) Two-way Branch. Tliis is a gunmetal (nsling (Idg. 27 
luted with a female runnd-tbread or 
male instantaneous coupling at one 
end for attaching to a line of hose, 
with the other end teriiiinating in 
two nozzles in line opposite to each 
f. tiler, and at riglit angles to the line 
of hose. One nozzle is threaded and 
is fitted with a blank cri|) so llial ib.e 
branch may be used in jdace of an 
'■Ibow-for-nozzle. This branch is 
!i.sed for certain basement Tires wdieii 



working through a hole in the floor 




Fig. 27 . Two-way branch having 
at left nozzle, and at right 
threads for attachment of a 
second nozzle or a blank cap as 
required. 


above, and is useful for attacking 
fires under platforms anti tlie [l(xks of shii).-. wharves, etc. It is not 
intended to revoh'e. but on a screwed coupling it is liable to unscrew 
and consequently should be lashed by means of the ,bell line to the 
lugs of the hose coupling. The nozzle^ are tilted slightly upwards and 
the non-threaded nozzle [>osses.ses a large rim to j>r')iiict the orifice. 
If the threaded outlet is required the blank caj) is removed and a 
standard nozzle is screwed on in place of it. 

(fe) Revolving Cellar Nozzle. This jjiece of equir^ment consists 
of a female round-thread or male instantaneous cruifiling carrying 
a semi-spherical metal casting which is able to revolve on it 
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freely in a plane at right angles to the coupling. Fitted to this 
casting are four ^-in. nozzles at right angles to the hose. Each 
nozzle is inclined at an angle rjf 45 degs. to the diameter. Two 
diametrically opposite nozzles throw jets in the plane of revolulion 
whilst, of the other two, one is turned slightly upward and the other 
slightly dow'nw’ard. As water passes through the branch under 
pressure the latter icvr;lvcs, throwing out a curtain of water in all 
directions. The revoKang cellar nozzle is mainly used for hnvering 
into basements and sliips’ bolds. 

(c) Double Revolving Branch. This consists of a large gun- 
melai casting made in two ])arts fFig. 2s). Tlie upper part coin- 
j)rises a ojllerting breeching jiroviding connections for two lines of 
iiose which support the weight of the casting when in use. The 
lower section, which nivolves on ball bearings, is iitted with four 
equidistant outlets. Two of these (dianietriciilly opposite) arc in 
the b)nn rjf l)ranohcs to wliich ordinary standard nozzles may be 
attaclied. The ntiier two millets, also located opjjosite to each 
other, are iiulinetl tf) tlic dianu‘ter. Tlie slanting streams of water 
is.siiing from these two inillets develop the back pressure which 



Fig. 28. 


Ihe haltrhej porlion 
is rotdipd on a bdll rdcp 
by Ihe screw action of Ihc 
driving no^zle^„- 

nozil? 


ball racr 
Double revolving branch. 


revolves the lower part of the casting. When getting a double 
revolving branch to waiik. the branch .should be lowered into 
position by u.sing the tw’o lengths of hose only ; a line should not be 
attached. Other types have a .single instantaneous inlet fitted with 
two jets for rotation and with two stream form branches to project 
the water, or three nozzles set at different angles wliicli serve for 
both rotation and firefighting. This branch is for use in ships’ 
holds and for basements wTiere large quantities of water spread over 
a considerable distance are required. A more compact piece of 
apparatus is a revolving nozzle, usually attached to a branch, wdth 
nine or more openings set at different angles, both for rotation and 
.spreading, the w’hole running on ball bearings, and cnmj:>act enough 
to be lowered do\NTi a ship’s ventilator or a small hole cut in a floor. 

(d) Cellar Pipe. This piece of pquijiment (Fig. 29) i.s used at 
smoky fires in basements and shijis' holds and is actuated through 
a deadlight or hole cut in tlie floor. It consists of a metal tube or 
])ipe of 2i in. l>ore with a right-angle bend in the middle, jointed 
towards the end of the first part so that it may Vie folded when not 
in use. The total length is about 4 ft. 6 ins. The first section of the 
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pipe has a coupling (a) at one end for direct attachment to a length 
of hose : approximately 12 ins. from this coupling a foot iron (6) is 
attached to the pipe by 
means of a metal collar. 

This is used to steady the 
branch when in use. Three 
inches beyond the foot 
iron the pij)e is sli^^htly 
enlarged to form a cham¬ 
ber containing a command 
valve (c) operated by an 
external handle similar to 
that on a household tap. 

This first section termi¬ 
nates in a flanged lip (r/) 
an-l forms a section of tlie 
hinge on which the ])ipe 
is folded when not in use. 

The second section com¬ 
mences with a flanged lip 
will! snap fastener at tlic Fig. 29 . cdlar pipe, 

top to complete the hinge, 

and a right-angled elbow. Slightly below the bend is fitted a diffuser 
collar (c) which, when the pipe is in use, permits water to emcMge in 
a cone of spray, forming a curtain to lioM hack thick smf)ke frtun 
tlie ojierator. The j)i]»e terminates some 2 ft. from this diffuser 
collar in a base (/) which ran be rotated by a control handle 
attached to a nielal rod some 2 ft. U ins. in length, which emerges 
through a stufhng liox in the elliow. To the rotating base i.s 
attached at right angles a swivel-jointed nr?zzle (//), the inclination 
of which can be adjusted by means of the control handle. Thu.s, 
when the latter is turned, llic rotating ba-^^e turns with it, swing¬ 
ing the nozzle around in any direction. It the handle is raised 
or depressed, the nozzle on its swivel is directed downward.s or 
upwards respectively. 

(e) Gooseneck. The gooseneck or swan-neck (I'ig. 30) con.sists 
of a short length of pipe curved in 
a semicircle and luted with a cou|)ling at 
one end for attachment to a line of Inxsc in 
place of a branch. The bore of the goi)se- 
neck remains constant throughout and is 
approximate!}^ that of the hose. The length 
of pipe from coupling to the outlet is about 
2 ft. It is designed for use when lilling 
emergency water supply dams and tanks 
as it can be hooked over tlie side and ob¬ 
viates the othenvise necessary lashing of 
the hose coupling and the sharp b’cnding Fig. 30. Gooseneck, 
of hose across the end of the tank. In 

some localities the gooseneck is found permanently attached to 
the tank. 
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(f) Radial branch. The radial branch (Fig. 31) is designed to 
direct larger jets than can ordinaril}^ be handled normally and is 
used with nozzles up to 2 ins. diameter (Fig. 31, tnsel). The branch 
holder consists of two double stays, one {a) of 4 ft. 6 ins. in length, 
p*jinted at tlic bottom onrl to give a purchase on the ground to the 
front, and the other (^) of 3 ft. 0 ins. fitted with a steel-studded 
plate (c) which also rests on the ground to the rear; the double 
rear stay carries at the ujiper end a branch [d) fitted with a 31-in. 
" Surelock " coupling {e) for connection to 3i-in. hose (/). This 
stay, whicli is hinged nn the base plate, slides up and down on the 
dfMjl)le frr^nl stay wJiich acts as a guide. The movement is controlled 
by a siinjde winch gear (g) carried at the liead [)f the front stay which 

controls the elevation 
fd the jet. A locking 
screw [hy on the sliding 
carriage is provided to 
claiup the branch in 
|)osilion and thus take 
the weight off the cable 
fi) and winch gear. 
Above the winch gear 
is a handle (;) used by 
the loanchman to con¬ 
trol the branch. 

When working wath 
1 he larger size nozzle.s (A) 
nnd under high pressure 
the radial branch re¬ 
quires considerable 
quantities of water and 
twin lines of hose are 
necessary to supply it. 

The branch is fed by a 17-ft. lengtli of 3J-in. hose, usually rubber- 
lined, titled w'itli " Suitdock " couplings, fhe hose rests on the rear 
stay when cliargod. A sjiccial form of breechin.g (already described) 
with tw'in inlets for the 2 ^- 111 . or 2J-in. liose and a single 3j-in. 
" Surelock" coutding outlet is used to feed the 3A-in. hose. 

Wdu'ii u>.ing the liranch the operator stands on the base plate 
straddling ilie hose. The inclination of the jet is varied by means 
of the winch gear, whilst the direction can be altered w'ithin limits 
liy pivoiin.g the branch about the base plate. A cardinal rule for 
0 |ieralion is, hi>wcver, that the feeder hose shall be approximately 
in line with the direction of the jet. Owing to the size of the jet 
a radial Ijranch can fairly easily pass out of control and is then 
extremely dangerous. The nozzles used (ime/) range from 14 ins. to 
2 ins. diameter and are usually htted with a rubber ring (/) to protect 
them from damage. A nozzle protecting cap (m) is also issued with 
eacli branch as an additional precaution. 

4. MONITORS 

When it is desirable to economise in man-power and leave a jet 
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Fig. 31. Radial branch : (insec) typical radial 
branch noizle. 
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ar work unattended, or to place a jet in a position of danger, as, for 
instance, when there is risk of falling walls, or when very large 
aiiantities of water are required under high pressure, equipment 
knfAvn under the general heading of a monitor is emj)loyed. Con¬ 
structional details of monitors vary considerably but they may be 
divided into two principal classes : 

(o) Those designed to work on land and wdiich may be 
carried to the place where the jet is to be got to work. 

(6) Those which are permanently secured to an appliance, 
which is usually a fireboat. but which may be a land appliance 
such as a pump or a pump-«scape. 

(o) Mo/oh/e Mcn/tors. Since monitors require large quantities of 
water they are almost invariably fed through twin lines of hose 
\Kidch connect either direct into a breeching on the monitor or into 
a breeching and through a short length of 3^-in. liose, 

(i) Deluge Set. One of the simplest forms of monitor is the deluge 
,sf’: issued under the emergency sclicmc The deluge set (Fig. 3‘J, 
consists of a branch and nozzle rncounted on the frame of a 
I t liripsible 100-gallon dam (Fig. 32, top left). The branch (a) rnn be 
I'irlicr elevated (ft) or traversed (r) by means of quadrant gears 
iu tuaied by handles, and is i)ro\aded with a small hole (d) thi uugh 
which water passes to maintain thf3 w'ater level in the dam (e). 
rhe d.iin, when filled with water, acts as an anchor to overcome the 
tjack pressure set up by the lire stream issuing from the nozzle (/). 
Care must be taken to have the dam completely filled before putting 
any j^ressurc on the brancli. Water is suj)pJicd from the pumping 
uiiils to a collecting breeching which is connected to the base of the 
i'ranch on the deluge set by means of 2U ft. of ,3J-in. hose (g). The 
nozzles supplied wnth this set are of 2i-in., 2-iri. and IJ-in. diameter. 
Trie, set can be used either ashore, wdiere a large fire stream is 
n quirecl, or on board a iircljoat as a monitor. Once set up in the 



Fig. 32. Deluge set. Top, left: dam frame. Bottom, left: diffuser fitting. 
Right: generAl view. 
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required position it can be left unattended and enables fire streams 
to l>c used which would be too large to be man-handled. 

A diffuser fitting (Fig. 32, bottom left) has also been issued for use 
with the deluge set and the radial branch set ; this should be used 
where a large quantity diffused water is required. The method 
of attaching the diffuser fitting, which Is in effect an extension piece 
of the branch, is to unscrew the ordinary nozzle on the deluge set, 
screw on the rlilfuser fitting to the branch and then to screw the 
ordinary nozzle on to the male screwed portion of the diffu.ser 
fitting. 

The diffuser consists of a shf)rt brass casting having three internal 
vanes arranged with a .sliglit sjnral so as to impart a twist to the 

water as it issues from the 
nozzle. The stream then breaks 
up into a heavy mist which is 
used for drowning out a fire. 

(ii) Other Portable Monitors. 
Variou.s t 3 q)es of portable j^ro- 
priclary monitf)rs have l>een 
deveh)j)ed. In almost all cases 
these j)Os.ses.s swivelling joints 
which permit of the jet being 
directed as required. Some are 
lilted with extensible feet to give 
a tinner grip on the ground. One 
such monitor is illustrated in 
Fig. 33. It will be noted that 
a standard short branch Ls em¬ 
ployed and that the control 
collecting breeching allows one line of hose only to be employed, 
if the nozzle .size permils of this. 

(b) Immovable Monitors 

(i) Pireboat’s Monitors. These are almost invariably rigidly 
connected to the deck and sometimes have permanent piping 
arrangement.s from the immps. Those of the largest size may have 
as many as eight inlets, each with its ow'ii hand-controlled valve 
and a main control valve fur the monitor jet itself. These monitors 
are usually of the " straiglit through " type and with an unlimited 
supply of water can deliver up to 3,000 g.p.ni. through a 3j-in. 
nozzle at a nozzle pressure of 1(X) lbs. per sq. in. Elevation and 
direction of the fire stream are almost invariably effected through 
gears, the monitor l)eing mounted in many cases on the foc's’le. 
As these monitors form an important part of the equipment of a 
fireboat they are more fully dealt with in the chapter on that 
subject. 

(ii) Turntable Ladder Monitor. Almost all turntable ladders are 
ajso equipj^ed to act as w'ater towers, and for this purpose carry at 
the liead of the ladders a special monitor. This consists of a 
swivelling branch fitted with a hand lever by which the jet is 
directed. Whilst the branch may be elevated or depressed to throw 
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a jei in the vertical plane of the ladder, lateral movement is hmited 
: /approximately 12 deg. to either side. In operation the jet should 
be kept in the same vertical plane as the ladder, since an oblique jet 
is liable to cause undue strEiin on the ladder. Tlie construction and 
use ol this monitor is fully dealt with in the Chapter on " Turntable 
Ladders."' 

f. BRANCH HOLDERS 

As their name implies, branch liolders are used to take either part 
or the whole of the weight and reaction ol a charged branch. They 
require the attendance of at least one man to direct the stream, and 
^ hence must be distinguished from monitors and from portable 
directors or ground monitors, which can be left unattended except 
wluMi being used at very low elevation. 

llrancli holders vary considerably in inini^ di tails ihioiigliout the 
ex-regular brigades. The simplest form (big. 31, left) consists ot a 
solid metal bar about 5 ft. Jung with a sliarj) iioint at one end for 
obtaining a purchase on the ground : close to the other eiivi is a 
wooden handle jirotruding eitlier .side at right angles to the b ir to 
(‘liable the fireman to direct the branch. The delivery end of the 
hose and the branch are laid along the bar and the branch is strapped 
in pr),sition with the nozzle protruding over the tnd of tlie holder. 
The operator must direct the jet, both for diiection and elevation, 
the holder serving to take some of tla^ weiglit and much of the 
reaction of the branch. The operator should slaiid siraiidling the 
Imse, grasjiing one handle in either hand. The branch holder may be 
liirected almost \'crlicalJy or lowered to an angle nl 33 deg. with the 
ground ; an}” angle of depre.ssio/i less than this i.s dangerous as the 



pointed end may fail to bite into the ground. The branch holder 
is normally only employed where a jet mu.st be in use for some 
considerable time. 

6. PORTABLE DIRECTORS 

Occupying a place midway between the branch holder, which 
requires the constant attendance of a brancliman, and the monitor, 
which can normally be left to work entirely unattended, is the 

17 
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portable director or ground monitor, which consists essentially of a 
holder made either from wood or metal to take the standard 
emergency short branch. 

The object of the ground monitor or portable director is to supply 
a portable and inexpensive device by means of which it is possible 
to save inan-jxjwcr wlien large fire streams have to be used, and to 
leave lire streams unattended when they have to be oi)erated in 
ex|josed conditiijns wliere the heat or falling debris would make it 
undesirable to leave men in charge. 

Tlie wooden portable director (Fig. 34, centre) is of simple con¬ 
strue tiori and can easily be made up locally. It consists of a wooden 
frame, about G ft. in length and 7 in. wide, which rests on the 
ground. To the front end of this frame is fixed by a swivel connec 
lion a wooden supj)urt 3 ft. long, to which an ordinary type emer¬ 
gency branch holder can be fitted. The handles of the holder "re 
used to fr)rin a swivel at the head of the support. By raising or 
lowering the wooden support, and fixing the ])oiiit of the holder in 
holes cut in the base of the frame, the holder is rigidly held at any 
angle of elevation. The brancli and hose are attached to the holder 
in the usual way. The ho.se is secured to the rear end of the frame 
to keep it in line with tlie branch and stream of water. The device 
is snitable for use with nozzles uj) to 2-in. diameter. At all usual 
arigle,s the branch is held securely under pressure without a’ ' 
manual aid, but if it is to be used at a low elevation, say undu 
20 deg., it may be found that there is a tendency for the unit to 
be forced backwards by the reaction of the fire stream. Tliis ten¬ 
dency ran be overcome by placing sandliags or other weights 
again.sl the two hinged wings attached to the fnune. These wings 
also serve to give greater lateral stability to the director as a 
wliole. 

A director of metal construction (Fig. 34, right) has also been 
designed. It is ciillaj)sible. and easy to carry. This device consists 
of an angle iron strut (a) with two hinged flat bar legs (6) forming a 
triangle to the apex of which a standard branch holder is secured 
by a pin (c) inserted in a hole drilled through the stem a few inches 
below the handle^s. A chain (i/) is fi.xed to the centre of the triangle 
base and a spring clip (e) is fastened to any link to give the desired 
elevation. 

This director can be used with nozzles up to H-in. diameter in 
conjunction with an ordinary branch and hose with 2J-in. couplings. 
Care must be taken, wiien o|)erating on smooth hard surfaces at 
low elevations, that the point of the branch holder secures a hold 
and. if necessary, a suitable indentation can be made with a fireman's 
axe. The director is also suitable for use with larger nozzles up to 
2-in. diameter, in which case a si^cial branch must he employed to 
take 34 -in. hose and standard radial branch nozzles, but it is then 
advisable to have tw'o men in attendance. 

By allowing the branch and about 9 ins. of the hose to project 
beyond the end of the branch holder the fire stream can he deflected 
over a considerable area without moving the director it:>elf. 
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COLLECTING HEADS AND FOOT VALVES 

Certain fittings used by the Fire Service allow water to pass in 
one direction only. This is effected by means of non-retiirn valves. 
The more important of these fittings are : (1) collecting heads 
(2) foot valves. 

I. COLLECTING HEAD 

This was often but incorrectly known as a collector box. It 
consists of a metal casting (Tig. 35), usually of aluminium, lilted 
with iwo, three, four, five or .six inlets for delivery liose and a single 
female suction coupling 
fur attaching to the suc- 
tion inlet of a pump. 

ho.se inlet is fitted 
with a non-return valve. 

The non-return valve 
con.^ists of a metal ca.st- 
ing screwed into the 
body of the collecting 
head and fa-shioned at 
one end as a male in¬ 
stantaneous or a female 
thread ho.se coupling. 

The valve is mashroom- 
sliapcd with either a 
synthetic rubber or a metal to metal ground face and is held 
against a seating by means of a .syjiral .spring. 

The action of water entering the inlet under pressure forces the 
valve off its seating and the water then jja.^.ses through the outlet. 
On the pressure being reduced the valve i.s InDiight back on to its 
seating and the passed water is unable to return. The valve lift 
must not be less than f in. Certain non return valves (lag. 35 , inset) 
arc made with a ground-iii sealing to a depth of J in. 

Collecting heads issued under ilic emergency scheme hir light 
trailer pumps have two. and for large trailer pumps and heavy units 
three inlets in line, whilst extra heavy units are equijj|jed with a 
circular collecting head with five inlets. The design of collecting 
heads for ex-regular appliances varie.s considerably but generally • 
they are of the four-in-line type, tlnrugh up to .six inlets in a line 
may be encountered. 

Collecting heads issued under the emergency scheme are tested 
to a pressure of 100 lbs. per sq, in. To obtain maximum elficiency 
cn a relay the intake pres.sure should be maintainerl only slightly 
above atinD.spheiic. Under no circuimstances .should full pump 
pressure be put on a head as a serious accident might occur. 

2. FOOT VALVE 

This consists of a metal suction strainer fitted with an extension 
tube in the casting between the strainer proper and the coupling. 
In this extension a flap-type reflux valve is fitted in such a manner 
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Fig. 35. Collecting head (three-way) : (inset) 
alternative type of valve scat. 
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that the water rising up into the suction forces it open. If the pump 
is shut clown for any reason, immediately the flow ceases in the suc¬ 
tion the flap valve falls back on to its sealing thus keeping the suction 
fully charged. Tlic pumj) should not. therefore, require re-priming 
when it is started up again. As it is necessary to empty the suction 
before withdrawing it ti) make up, a device is employed to trip the 
valve. To a ring tit ted on the upper side of the valve is attached 
a wire passing nut of the extension tube through a small hole and 
carried through an eyelet fitted to the out.side of the casting up to 
the pump operator. To clear the .suction the wire is pulled, thus 
ojKining the valve. Foot valvc.s w'ere used to some extent with 
recii>rucatiiig puin})s but are now very rarely employed. 

HARD SUCTION FITTINGS 

I. SUCTION STRAINERS 

To prevent large, solid objects wtiidi might damage the pump 
from being drawn into the suction when working from open water, 
strainers attacliej to tlie hover end of the suction hose are employed. 
These strainers arc uf two types : 

(a) Mi‘tal Strainers. 

(/;) Basket Strainers. 

(a) The Metal Strainer. This consists of a me.tal fitting (Fig. 
3 (3, rig/il) usually c 3 'liiidrical but .soinetiiwes bo.\-like in shape, 



Fig, 36. Strainers. Left: basket t/pe. Right : metal type. 


perforated with holes to allow water to enter. It is fitted with a 
female suction coupling for connection to the suction hose. Strainers 
are made in a large number of sizes to lit the various diameters of 
suction. Whilst all strainers i.ssiieJ under the cinergcncy scheme 
are cylindrical in shape, those sujiplied wdlh ex-regular appliances 
varied considerably. 

Some are fitted with a foot valve (see above), whilst others are of 
the low'-level t\'pe designed to rest on the bottom of the water 
supply and operate in a minimum depth (PTg. 37). 

A typical strainer of this ty|>e consists of a shoe-shaped outer 
jXTforated cover («) with a flat bottom to rest on the bed of the 
stream, etc., from which the supply is being drawn. Inside this 
casing a shield (b) is arranged so that water can only be drawn into 
the suction around the underside. Provided, therefore, that the 
10 
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underside of this shield is submerged the vacuum can be maintained, 
and water will continue to How up the suction. The shield (6) and 
end plate {c) with coujding 
[d) for attaching to the suc¬ 
tion hose can be removed for 
cleaning by undoing a series 
of nuts. In order to bring 
ilie strainer as low as p(js- 
>ible the coupling has no 
Jugs but a series of sli>ts 
(f) into w'hich a " C ’* 

.spanner (/) can be inserted 
for tightening. 

(5) The Basket Strainer. 

This (Fig. 3G, /e//) is used in 
coiijuncLion with the metal strainer but never alone. Wlien resting 
on a soft surface such as mud, the copi)LT strainer tends to sink in, 
covering a considerable percentage ol its surface area which tlieii 
ceases to be available as a strainer. The basket strainer, ai t’’i;g as 
an Ollier shell, rests in the mud. and having a huger surface area, 
still leaves a considerable pnjportion ex])osed, and allows the copper 
strainer to function unimpaired. The basket strainer alst^ tends to 
protect the copijcr strainer frojii damage. It also assists in removing 
from the water entering the suction, particles which, though small 
enough to pa.ss through the ])erforatioiis in the metal strainer, would 
tend to damage the pump inechani.sm. It is cylindrical in sha]>e, 
(jf woven wicker w’ork with one o|jen end to which is attaclied a 
piece of carn-as known as the skirt, Tlii.s 1 j[ls a running ci.»rd which 
iillows it to be drawai tight around the suction thus preventing the 
water from entering the mouth of the strainer without passing 
betw'een the basketw^ork. 


slrainpr Dperdle!! li!l 
Ihp Wdlpr smts Id 
I hr dollrd iin^ 


^shield (b) 



outer cover (aj 
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Fig. 37. Strainer : low-le/cl fype. 


2. SUCTION CRUTCHES 

When a pump is set into a canvas dam with self-supporting walls 
the weight of the suction tends to depress the walls and allow the 
water to overflow'. To take the weight, a suction crutch is generally 
employed. These crutches are, 
however, now generally used 
whenever it Ls necessary to 
support a length of suction 
and prevent it chafing when 
passing over low wmIIs or the 
shaqD edges of dams, etc. 

The suction crutch (Fig. 38, 
ie/l) consists of a length of 
metal approximately 2 ft. 
long and 4J ins. wide w'hich 
is supported by collap.sible 
tubular steel legs. Metal frames bent to lit the curve of the suction 
are mounted on top of the crutch. 

A simple form of suction crutch (Fig. 36, righ/) can be constructed 

•I 



Fig. 30. 
type. 


Suction crutches. Left: steel 
Right: improvised wooden type. 
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from two stout wooden poles approximately 5 ft. long. Each ixde 
should be drilled about one foot from one end, and the two joined by 
means of a bolt passed through these holes. The poles should then 
be o[)ened until they fonn a suitable aperture to receive the size of 
suction in use, and the bases linked by means of a length of rope or 
canvas straj) to prevent them opening furtlier. When nut in use the 
crutch can l>e carried on the appliance folded flat. 

STANDPIPES 

Standpipes are often knowm as hydrant lieads and shafts. They 
are :Lsed to bring the outlet of a hydrant above ground level. This 
is ncces.sary as :— 

1. in some cases tlic hydrant outlet is at a cmisiclLTable 
depth and it wtmld be diflicult if not inn)ossible to couple uj) the 
suction or delivery lio.se. 

2 . tlie liydrant ])it is of very restricted diineasiuns and access 
to the outlet is difVicult. 

a. senous kinking of the hose is avoided ; this is of particular 
iinjjortance in the case of suction hose. 

4. certain types of hydrants (the ball hydrant and the old 
lire plug) often have no command valve and the staiidjji|)e 
provides the necessary control. In these cases a special standpipe 
must be ein|jloyed. 

In most types the standpipe shaft and the standpipe head are 
sejiarate fittings which can he disconnected, but which are normally 
kept jicrnnuiently connected. Unless sjjecilically referred to other¬ 
wise, the term standpi|H! will be used to denote tlie complete fitting 
and will include the head. 

The standpipe shaft corusists of a length of brass, or more com¬ 
monly. copper piping, the length of which may vary considerably 
according to local preference, but tlie diameter of wliich is usually 
2 J to 2J ins. The standpipe shaft connects at its lower end with the 
liydrant outlet by any one of a number of means, whilst at its upper 
end, where a separate head is fitted, the appropriate standard hose 
coupling is employed. 

I. OUTLETS 

The principal differences between standpipes arise in the method 
of connection to the hydrant. Since hydrants have been installed 
over a jieriod of more than 100 years by man}’ hundreds of different 
authorities very considerable variations in outlet are to be found. 
There are in this country some 53 types of hydrant outlet, none of 
the standpipes for which are interchangeable. 

Of these many tyi:)es, however, only some five or six are in general 
use. These are the round thread, the '* V thread, the instantaneous, 
the bayonet lug, the ball hydrant, and very occasionally the fire 
plug. 

Since the standpipe for one type of outlet cannot be used on 
another, appliances must be furnished with standpipes having at 
their lower ends connections appropriate to the hydrant outlets 

ta 
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n their area. This has, in the past, led to ditliculties, for an 
ij.jiJiLince moving into another area where the hydrant outlets are 
hiVi^rent may tuid itself unable to get to work fn)ni a standpipe, 
.i.nd may be forced to get to work from the hydrant pit. TJie 
vari>>as methods of doing tliis are set out in the Chapter on “ Prac¬ 
tical Pump Operation.*' These methods cannot be employed in the 
cast* of ball hydrants, since the use td tlic ajipropriate standpiy>c is 
iieces.sary to open up the liydrant. In order to facilitate oj)erations, 
therefore, .stocks of s]iare standpipes a]»propriatc to the local h\’draiits 
;ire maiiuained at focal points such as reinfurceiiieiit ba'^es and issued 
to those incoming appliances which would not otherwise be able to 
;.:ft work. 

(o) Rountl Thread and “V” Thread. The round thread (Fig. 



Fig. 39. Some typical siandpipc bases : (i) round thread ; (ii) " V ” thread ; 
(iii) male instantaneous : (iv) female instantaneous ; (v) lugged ; 
(vi) bayonet. 


■V.), i) eind " V *' thread (Fig. 31). iij hydrant nulleLs are male, 
of the standard hose coupling size In take .standj>i]>es with female 
bases, or hose may be connected directly or by means of adaptors 
where necessary. 

(b) /nstontoneoiis. Instantaneous liydrant outlets may be 
either female (Fig. 31), iii) or male (Fig. 31), iv). The .standpij>c to 
attach to a male instantaneous coupling on the hydrant is fitted at 
its liAver end with a female instantanenus coupling. In order to 
ofierate this in the confined space of the hydrant pit it has two 
levers pa.ssing u]) either side of the .standpipe, attached it one end 
to the female lugs of the coujiling and pivoting on a fulcrum some 
S ins. above. By pre.s5ing these levers towards the f)ipe the female 
lug.s are withdraNsai, allowing the standf)ipe to be removed. To 
connect the .standpipe it is of course firmly pre.sstd down on the 
outlet. The advantage of the lever standpijje is that tliere is 






Hofi mriNGi 


PART 


handli(f)-p 


threaded collar 

... 


practically no limit to the depth below ground at which it may be 
made to operate, i.e., as in arctic or semi-arctic conditions where 
water mains have to be exceptionally deep to prevent freezing. 

(c) Ball. In the case of the ball hydrant (Fig. 40) the connection is 

normally of the lug type, but as the 
hydrant does not possess a sepa¬ 
rate command valve it requires a 
special attachment in the stand¬ 
pipe to open it. A steel rod (a) 
passes through a packing gland (6) 
I 11 1 standpipe head and con- 

tinues straight down the inside of 
I the standpipe through a threaded 

" collar (c). To the lower end of 

this rod is attached a cuf) (d) to 
bear against the exposed top of 
the ball (e) in the hydrant outlet. 
By means of a handle (/) at the 
top of the rod the latter is turned 
so that the threaded collar in 
the standpipe forces the rod down¬ 
wards ; the cup attachment is 
pressed down on the ball forcing 
it down into the body of the 
hydrant and thus allowing the 
water to enter the standpipe. 

The bayonet or lug connection may be 



Fig. 40. 
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Standpipe : ball type, with 
lug connection. 
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(d) Bayonet and Lug. 
fitted to a screw-down type of hydrant in addition to a ball-valve 

hydrant. The special type 
of standpipe necessary in 
the latter case may also 
be used on the former. 
The lug connection (Fig. 
39, v) consists of a female 
coupling on the hydrant 
in the form of two right- 
angled lugs, diametrically 
opposite each other, one 
on either side of the ori¬ 
fice, which is slightly en¬ 
larged to take in the male 
coupling on the standpipe. 
The male coupling has two 
large square - shaped lugs 
which engage the right- 
angled lugs of the female. 
In the bayonet type (Fig. 
39, vi) the base of the stand- 
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Fig. 41. Scindpipe : fire plug type. 


pipe is slotted to engage small wedge-shaped lugs in the hydrant 
outlet. 

Most of the standpipes fitted with a bayonet or lug connection 
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have a pair of short handles at the top for assisting in making the 
connection to the hydrant. 

(e) F/re Plug. The standpipe for a fire-plug outlet (Fig. 41) 
pssesses a sharp tapering end instead of a hydrant conner.tion. 
On the removal of the lire plug l)y means of a pricker liar, the 
standpipe is driven into the plug outlet by hand and is then ham¬ 
mered in by means of a lead mallet to make a tight fit. The top of 
the pipe has a right-angled turn and is surmounted by a flat boss to 
give a surface on which to strike tlie mallet. At the end of this 
right-angled bend a hand control valve is fitted and by means of 
flanged lace plates an instantaneous female hose coupling is attached 
in i)lace of the more usual standpipie head. 

2. SHAFTS AND HEADS 

Standpipe sliafts var\^ considerably in length nwnng to differences 
in the depth of hydrant pits, and appliances working outside their 
own areas may find that the standpipes carried arc not long enough, 
evcji thoiigli the hydrant outlets may be the same. 

A fitting known as a hydrant extension piece is ciuricd on 
appliances in some localities to overcome tliis difficulty. Tliis 
consists simply of a small standpipe shaft, about 12 ins. long, which 
is inserted between the hydrant outlet and the standpipe proper. 



Fig. 42. Standpipe heads, emergency types. Left: open type. Centre : filtor 
type, two outlets. Right; filter type, one outlet. 


Standpipe heads (Fig. 42) vary greatly and may have either 
single [left and right), or double (centre) outlets with the appropriate 
hose couplings. In one emergency tyi>c (centre and right) a .strainer 
is fitted in the head, access to the strainer being obtained by unscrew¬ 
ing a hexagonal cap. The connection between the head and shaft 
may be fixed, or may permit the head to swivel. In the latter case a 
swivel gland is incorporated, or, in the case of the standpipes issued 
under the emergency scheme, a swivel action is obtained, since the 
joint is made by a male instantaneous connection on the head and a 
female instantaneous connection on the shaft. 

These heads are fitted locally with shafts having at their lower end 
the coupling suited to the loc^ hydrant outlet. Heads carried on 
ex-regular appliances may vary greatly, some (apart from those used 
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on firn I'kif^s) are fitted with vali'es io control the flow of water. 
These valves in: often of the rack-and-pinion ty|)c (Fig. 43). 

CLEANING HOSE FITTINGS 

As far as jicrsonnel permits, all equipment should be regularly 
cleaned. Apart from tlie qiie.stion of sinarincss, the advantages of 
carrying this out sysLeiiialically arc that when fittings arc cleaned 
they can at the same time be insj)ected for condition, that the crew 
of the ajijiliance are familiarised with tlie gear carried on the 
apf)liance and tliat every man knows immediately where each item 
can be found when working in the dark. 

Discretion must be employed, however ; bras.s polish should not 
he used on chromiiiin-pkucd articles, and all residue from the j)olisli 
or paint must be carefully removed, the more esjiecially when it 
might block holes or pas.sages in the eqni[)nient or cause it to stick 
in working. Nozzles depend for their clTiciuncv on the true circular 
shape of the nrihee and on tin undamaged lip. On no account should 
the inside of nozzlc-s be cleaned by ])ulling a rag backwards and 
forwards through the nozzle. This notonlyin courseof time wears 
the bore to an irregular shape but destroys the knife-edge of the lip 
which is essential to inaximum efficiency. 


HOSE RAMPS 

One of the major problems in dealing with large fires in urban 
areas is the obstruction camsed to tralTic by the numerous lines of 
hose which almost invariably must be laid across roads to make use 
of all available sources of water. Wliilst wheeled vehicles can force 
their way over a line of charged hose, particularly of the smaller 
sizes, this causes severe strain on the hose and may lead to serious 
chafing, or, if the vehicle is heavy and presses the hose flat, may 
momentarily cut off the flow and set up shock waves which burst 
the hose. To enable vehicles to cross lines of hose, special fittings 
known as hose ramps are employed. These are designed to provide 
a sloping path up and over the hose, and a well-designed ramp 
should prevent contact of the t>Te or wheel of the vehicle with the 
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hose. Ramps are almost invariably designed to accommodate 3J in. 
diameter hose and can therefore be used with all tyi)cs of delivery 
hose, 

I, WOODEN RAMPS 

The ramps issued in large numbers to the National Fire Service 
coiLsist of a series of wedge-shaped pieces L>f wood (Fig. *11) joiiu'd 
trfiretlier by either straps or roj)e-s so as to provide a channel l)eiween 
them of about .'U-in. width, in which a length of hose can be laid, 
the wedges making an incline r)n each .dde to carry llie wiieel.s of 
passing vehicles over the hose. Tt has been found tliat ilie perform- 
aiice of these ramps can be greatly impro^'od by attaching an apnon 



Fig. 44. Hose ramps : (i) multi-channel ramp ; (ii) standard emergency type ; 
(iii) right method of ramping more than one line of hose ; (iv) wrong 
method of ramping more chan one line of hose. 


of old belting (Fig. 4-1, ii) or even stout discarded hose opened out. 
This reduces tlie tendency of vehicles endeavouring to mount the 
ramjis at excessive .si)ecd to push them along in front of tlie wheels. 
The weight of the vidiicle is first transferred to the apjrim and thus 
holds the ramp firmly in position as the wheel meets the incline. 

When more than one line of hose must be ramped and only single- 
line types arc available, the ramjes should be arranged as shown in 
Fig, 44, iii. This obviates the .series of trnuglis fonned if ramps are 
laid one after another (Fig. 4 4, iv) and greatly reduces their displace¬ 
ment due to traffic movement. 

Ramp.s are also issued witli a rectangular section which Is con¬ 
nected between the two wedges to provide two or more channels in 
which two or more lines of hose can be laid (Fig. 44, i). A modifica¬ 
tion of this type of ramp can be expanded to take additional lines 
of hose by means of extra sections linked by interlocking metal rods 
(Fig. 45/i). 

1. STEEL RAMPS 

An additional type of ramp is designed for use where heavy and 
continuous traffic must be provided for. This consists of rigid 
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Fig. 45. Hose ramps : (i) emergency multi-channel type linked by metal rods ; 
(ii) steel channel section ramps ; (iii) staggered arrangement of steel 
channel section ramps. 


metal sections built up from r(jllc*(l steel. The angle of the slope of 
the :ipj)nKu:h varies between iS and 12 degs. (Fig. ‘15, ii). 

Tliosc ramps can be iirranged to accommodate any number of 
line.s of hose by the addition of extra channels. The individual 
sections arc interlocking, but where three or more central channels 
arc einployed lirmer bonding is obtained by stiiggering alternate 
central dianiicLs liy half a length. This breaks the joints and does 
not permit movement along a whole section (Fig. 45, iii). 

With ramps which are only between 2 and 3 ft. in length it is of 
course neix*ssciry to lay down, for each length of hu.se, two ram[)s at a 
sullicient ili.stance ajiart to take the nearside and offside wheels of 
vehicles. Where there is great variation in the width of vehicles, a 
pair of rain))s for each wheel track may be necessary. Some 
appliances, however, carry longer ramps which may range uj) to 
8 ft. in length, only one of which is necessarv* per length of hose. 

1. IMPROVISED RAMPS 

An improvised hose ramp which wall serve to reduce the damage 

to hose can be made from 
old lengths of discarded 
hose. Some 3 to 4 ft. is cut 
off and one end turned over 
and riveted. This end is 
then tightly packed with a 
wad of waste and the length 
of hose filled uith sand 
tightly rammed. The other 
end is treated in like 
manner. Tlie tilled lengths 
are then linked by two 
straps, also made of dis¬ 
carded hose, so that the charged hose can lie between them 
(Fig. 46, Uft). In place of the sand-tilled lengths of hose cut down 
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Fig. 46. Hose ramps, improvised types. 
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timber, such as old pit props, etc., has also been succcsslully 
employed. 

A larger ramp of the same type (Fig. 16, rii:Jil) can be constructed 
of sand-filled lengths of 2J-in. and 3i-in. discarded hose, the larger 
diameter lengths being placed in the centre. This pattern will take 
l>oth sizes of delivery hose. 

Oviing to the war-time shortage of rubber, rubber-lined hose 
should not be used in the construction of ramps. 

4, TRAMWAY RAMPS 

Since tramcars which run in tracks cannot use the normal type 
hose ramp a special type of ramp (I'ig. 47) for trams using overliead 
current has been in use by the (Glasgow Corj^oralioii Trans[»ort 
Def)artmcnt for some years. 

The ramps are approximately .‘1(» ft. in lenglh. and are [li vie led into 
fivi.' sections. The central section hirins a bridge piece ajipcoxiiiialely 
6 ft. long by in. high, in which arc rut six rectangular openings, 



each of sufhcieiit size to accommodate two lines f)f hose. Twelve 
lines in all can thus be protected by one ramp. The side sections, 
which are joined to the centre section l>y heavy bolts, are inclined 
in order to return the tram wliecls to the track with the minimum 
of dislocation. The ramp.s arc held in position by nielal guides 
which register in the grooves of the track, riie weight of these 
ramps (approximately 84 cwt.) makes them unsuitable for carrying 
on Fire Service appliances. Thev are stored at various tramway 
depots and when required are delivered and erected on the scene of 
the fire by the maintenance staff of the tramwav def)arfment. 
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'"l^liTS diiiptcr will be confined to a description of those ladders 
A vdiich :Lru carrierl into prisition and extended by hand. Special 
forms of ladders, such as those used in turntaVde 


hriil 



larldfTs and escapes, are dealt with in separate 
chap! (as. 

'Hie ladders described here arc employed 
cliielly for rescue purposes where wheeled 
escapes c:ann<)t be used, and to obtain access 
to the upper floors and roofs of buildings; but 
lluar other uses are innumerable; as, for 
examyde, for climbing about on roofs after 
;icress tii-jreto has been gained ; mounting 
chimney stacks ; scaling walls ; bridging be¬ 
tween biiiMiiigs or across unsafe floors ; re- 
jilacing indoor stairways ; as stretchers, and for 
descending into basements or sliips' holds. 

Ladders are an important part of the equip¬ 
ment of the fireman, and it is e.ssential that 
both their construction and use should be under- 
sto')d. 


Fig, I. The principal I correct names of the parts of a ladder are 
parts of a ladder. .sllOWll in Fig. 1. 


TYPES OF LADDER IN USE 

A number of different types of ladder carried and extended by 
hand have been devi-loped for Fire Service work. The most widely 
used are :— 

1 . First-floor ladders (non-extension type). 

2. Extension ladders. 

Hook ladders. 

4. Scaling liulders, 

I, FIRST-FLOOR LADDERS (NON-EXTENSION TYPE) 

'ITie lirst-floor ladder was used mainly by tlie larger city and town 
brigades and is carrieil on those ex-regular appliances which have 
a C) 0 -ft. or T'o-ft. wheeled csca]>e. Some of the emergency escape 
carriers have also been ywovided with a similar ladder. 

Construction, fhe ladder is 15 ft. 8 ins. long and weighs about 
45 lbs. The rounds are .secured to the strings by gun-metal sockets 
so that they cannot turn. A wrought-iron hook is bolted to the 
underside of each string at the first round to fit on to one of the 
rounds of the escape, so that the ladder can be used as an additional 
extension. 

'The standard type of ladder, as fitted to the 50-ft. escape, is too 
wide to attach to the upper exten-sion of the 55-ft. e.scape, and a 
narrower pattern is, therefore, provided for the 55-ft. escape. 
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Standard Test. First-floor ladders in use in the National Fire 
Service at the time of publication of the Manual are tested monthly, 
after use at a fire, and whenever used for drill. The ladder is first 
carefully examined. The head of the ladder is then .secured and 
the rounds jumped as far as possible, witli the feet wvW ajiart. The 
ladder i.s then reversed and the reinainini:;; loiiiid-s jumped. Tlie 
hooks are examined for riiijidity. 

Use. The iirst-floor ladder, as its name implies, is priin.uily used 
for entering the first floor of a building. Ir can also be einjdoyed 
as an extra extension to an escape, and for tiiis i Lasoii is siuiietime-s 
known as an “ emergency " hirMer. This is dune by raising the 
ladder above the head of the eseajx?, slipping the liooks on a coii- 
\ enient round, and lashing with the esra]>e lini;. i he .scrie- of knots 
used for this pur})Ose will be ftuind dcscrilud in tlie ( iiaptor on 
‘ Kscapes." ’fhe additional lu iirat thus acliicMMl must nui exceed 
10 ft., tlie lower part of the l.idiler bi ing used as an overlaji for 
lashing. To ensure that sufficient ovtaiap is allMWial, tin* m m l on 
the escape engaged by the hrst-floor ladder liould l>i* painte»i wiiite 
to serve as a guide. The first-tloor ladder is also iisofn!. when 
attached in thi.s manner, fur negotiating paiajaets or other prujcctioii-s 
on the face of a building. 

2. EXTENSION LADDERS 

Extension ladders arc used at fires in circumstances where a 
wheeled escape i.s not necessary or cann>'t be einployi'fl owing to 
restrictions of space, e.^., in narrow passages, gardens, etc. They 
are also frequently used as internal or extiToal means of access 
where a stairway has been damaged by lire. J wu Iad(h*rs may be 
used together to form a step huliler (sec later). 

In addition to the trussed lyi>e of exliMi'^iun le.ddiT userl l?y Tire 
brigades prior to natituiali.sation, there are threr' typi'S of enn'rgi'ncy 
extension ladder in use in the National J'ire Servir e. I he largest 
wiien fully extended is 40 ft. long, the inediuin si/a: i.i 'iU fl., and tlie 
small size is 13 ft. 

(o) Trussed Extension Ladder. Many ex-regular apjilianres through¬ 
out the country carry the trussed-sti ing type of extension 
ladder. This type is strong and simph* in uperation. I'.acli section 
is approximately 24 ft. long, tlic wirlili of the main section being 
18J ins. outside" and that of the upjter .scctif»ii l o ins. J he total 
weight of the ladder is about lf»M ll)-., and ir is filled with an extend¬ 
ing line consisting of li-in. manila which passes buLweeii the .sections 
over a head pullev on the main .section. I he ends are attached to a 
lever in the middle of the pawl shaft on wliich two j>nwls of the claw 
{Xindulum type are mounted, wliicli operate so that the ladder, 
when extended, does not depend upon the strength of the rope. 
Plenty of slack is provided on this line to allr)w for .shrinkage wlien 
wet. "it should never be shortened nor til'd in a knot when the 
ladder is stowed. The loose portion should be folded around the 
bottom rounds of the ladder in such a way that immediately the 
ladder is erected and the rope pulled the slack releases itself auto¬ 
matically. The two sections can be readily separated and used 
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individually. \Vlien the ladder is pitched the trussed side must 
face the building. 

(b) 40-ft. Extension Ladder. This type of ladder, sometimes 
known as an " Edinburgh '* ladder, was issued to some Fire Forces 
in lieu of wheeled escapes, but owing to certain disadvantages in 
manipulation its issue has been discontinued. It is of very robust 
construction and has a sf)lid heel board lying horizontally and 
attached to tlie strings with metal braces. This board extends 
1 ft. on each sitle of the ladder and is rubber shod for the full length 
of the underside. Tlie width of the main ladder is 22 ins., and the 
rounds are strengthened by wrought-iron tie rods under the 2nd, 
4th, 7tii, jnth, l.'Uh, lOth and 18th rounds. 

(c) 30-ft. Extension Ladder. This is the most widely used type of 
ladder in the Fire wService. 

Conslritc/ion. The ^0-ft. emergency extension ladder (Fig. 2) 

(h) atrrngthening wire lecured 

strengthening wire 
) running underneath strings 

(b)heid pulley 


(e) guide plate 
pawl 

(fj groovi 


Fig. 2. Head, heel and pawl mechanism of 30>rt. extension ladder, showing 
correct naming of parts. 

consists of a main ladder with a top or sliding extension, each section 
being IT) ft. 9 ins. long. Tlie total weight of the ladder is 112 lbs. 
The external width of the main ladder is 15} ins., and the distance 
between each round is 9^ ins. The overall length of the ladder when 
closed is ID ft. 9 ins. (but certain ladders are IG ft. 3 ins.), and W'hen 
fully extended 2S ft. 4 ins. The extending line (a), made from 
IJ-in. manila, is rove through a pulley (b) secured to the under- 
.side of the top round of the lower extension. It is then led down 
the front of the ladder and secured b}'^ an eye splice to a lever (c) 
mounted on a rotating shaft above the bottom round of the upper 
e.xtension. The otlier end of the line is led behind the main ladder, 
unilerneath the bottom round and spliced in, thus providing an 
endless line by means of which the ladder can be extended and 
the pawl.s (rf), which are mounted on the rotating shaft, engaged 
and tripped. Guide plates («-) are hxed to the bottom of the 
top section and these fit into grooves (/) which are cut into the 
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inside of the string of the main ladder, thus guiding the top sec¬ 
tion when extending. No safety stops are provided, and care 
should be taken that the top section is not extended above the white 
safety line painted on the side of the strings. 

The ladder is strengthened by 5-gaiige, 7-ply galvanised wire (jej) 
which is stretched tautly along the edges of the strings of tlie main 
and top sections. The wire is secured by staples and sciew.s at the 
head and heel of the ladder (h) and the rounds are strengthened 
by wrought-iron tie rods (i) under the 1st. 5th, Dili, 13th, and Hith 
rounds of the main and 
top sections. A gal- 
vanised strengthening 

strip (;■) runs along the ^ 

outside of each string AVA\ 

of the main ladder. mr«iurv this 

The heels of the strings Vpl!y7ng iMd 

of the main ladder are pjg 3 Method of testing exLcnsion laiJf'f*r 

protected against wear 

by steel heel plates (k), which are corrugated to reduce the li a ienry 
of the ladder to slip when pitclied on a hard surface, and the lieatls 
by head-irons [m). 'I'he ladder is linishcd with clear varnish, as a 
solid cover such as paint would hide incipient defects, l^ich ladder 
is inspected after construction, and is stamped on the face of the 
strings with the year of siipfily. 

Standard Test, At the time of publication of the Manual the 
ladders are tested monthly, after use at a lire ami more fri fiiienlly 
still if used fur drill purposes. The following procedure sliDuitl be 
carried out when testing. 

Each ladder is to be full}' extended and jilaced horizontally across 
twM) trestles (Tig. 3) which should be positioned about 2 ft. from 
either end. The distance of a point in the 
jnirldle of the span from the ground is to he 
measured, and the weight of one man of about I 

12 stone applied centrally. The ladder should 
return to the normal position when the wciglit is 
released (though a discrepancy of about half an vVvWf 
inch may be found as a result of warping). After 
this test each round is to be jumped (Fig. 4). 

The extending line is te-sted by applying the ^ 
equivalent strain of the weight of tw’o men. 

When testing the extending rope the ladder pjg 4 correct sunce 

is first pitched without extending against a for jumping the 

building or wall, the weight of two men is then rounds of a ladder. 

applied to the rope at the lowest practicaWe 

J)oint as for extending the ladder, whilst two apart. 

other men apply their weight to the extension 

to prevent it moving The ladder is then drawn away from the 

building, extended fully and pitched again. The weight of two men 

is then applied at the lowest practicable point to the part of the line 

which lies at the rear of the ladder. The pulley wheel and pawls 

are to be examined and lubricated from time to time as required. 




rounds of a ladder. 
Noie firm grip with 
boch hands and feet 
Well apart. 
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(d) S/iort Exfens/on Ladder. This ladder, owing to its convenient 
size, is also very widely empluved. 

Construction. 'Ihe standard short extension ladder (Fig. 5) 
consists uf a main ladder and top or sliding extension, each section 
measuring 7 ft. G ins. long. The trital weigVit is 30 lbs. The ladder 
is extended by raising the top exten.sion by hand and allowing the 

retaining hooks fitted under- 
yir4ii iron ncdth the strings to drop back 

^ciip n on to the required round of the 

main section. Great care must 
be exercised that the safety 
margin is not exceeded. Since 
no safety stops are fitted, 
white safety lines are painted 
on the strings as a guide to the 
limit of extension. 

The width of the main and 
top sections is 14J ins. and 11^ 
ins. respectively, whilst the di.s- 
tanre betw'een the rounds is 
ins. The overall length of the 
ladder when closed is 7 ft. 8 ins., 
and when fully extended 13 ft. 
2 ins. Wrought-iron tie rods 
are fitted below the 1st, 5th 
and 8th rounds of each section. 
'J'he ladder is strengthened by 
galvanised wire which is 
stietched taut on the edge of 
ilie strings, on the underside, 
and held in place by staples at 
intervals of 9 ins. 

SfiiHilitrd Test, riie following test is in force at the time uf 
jiuhlication id the Manuid. Short extension ladders should be 
testeil niiintldy, after use at a fire, and wlien u.sed for drill purposes. 
The ladder should first be carefully examined and the rounds 
jumped as far as possible with the feet apart. The ladder should 
tlien be reversed ainl the remaining rounds jumped. The metal 
parts should be closely inspected for rigidity, and fixing screws 
closely examined, flie horizontal test described above for the 30-ft. 
exten.sion ladder should not be used with the short extension ladder. 

Use. The short extension ladder is a utility ladder which may 
be used for negotiating walls and for external first floor work. It 
is also sullieiently small for use inside a building, e.g., to replace a 
damaged staircase, nr to gain access to roof fires from the inside of 
the premises. The two sections of the ladder can easily be separated 
by sliding ilie top exien.-'ioii through the clips of the main ladder. 
The two sections can then be used as two 7 ft. G ins. single ladders 
which can easily be carried up an escape or extension ladder, and 
can also Ih.' used to form an improvised step-ladder (Fig. 22) ; or to 
scale a w all, one sec lion being used for ascent and one for descent. 



heel p!d(,p 


llrcngihrning wire cn undrrsidr of strings 


Fig. 5. 


Short extension ladder, showing 
construction. 
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3. HOOK LADDERS 

There are several types of hook ladders in use in the hire Service. 
These include the London, Manchester, folding, American and the 
double-fixed hook patterns, rhere are also a few straight ivne-piece 
ladders made of duralumin or similar material, giving lightm^-ss 
combined with strength. The. type most widely used in the Nat ional 
Fire vService is the London jiattern described below. 

Constrtictioji. The standard length of a London tvt>e liotik ladder 
(Fig- t)) is 13 ft. 4 in.-. The width is lUj ins. and the weiglil between 
‘24 and 28 lbs. It is fitted with a lunjk (.i) by means of whicli tlie 
ladder can be hooked on to window frames, j'aiapet.s, etc., Ft the 
puriiose of scaling buildings. It is also lilted 
with a steel ring [b) at the head uf the ladtler 
for receiving the hook of tiie hook Ix'lL (see 
below) worn by tlie man using the ladder. 

The ladder is strengthened by .steel luaiio- 
forte w’ire (r) stre.tcheil tightly along the 
in.side of each string. It is further stn-ng- 
tlicned by three wToughtdrori rods (d) 
diameter passing through both strings under 
the 2nd, 5th and 8th rounds and riva'lcd on 
the outside with a cop»per washer. Ihi^ 
three top rounds are specially streiigdieneil 
by means uf mild steel tubes tiassing throiigli 
each round and both string.^ and also the 
.shroud (f) (which contains the hook when 
folded) in order to take the strain of llie 
hook when the ladder is in use. The wlin'e 
of the construction of the ladder is siicli as 
to withstand suspended but not sup])ojted 
weight. 

Steel toe pieces (/ ) which are litted on the 
underside of tlie strings oppo.site the .M'Cond 
round prevent the ladder from lying flush with 
tlie building, thus enabling a man’s bouls to 
obtain .sufficient purcluise on the nmnds. Mild 
steel heel plates (g) are fitted to the heels of ti ie 
strings to protect them against rlaniage if the 
ladder is lowered too heavily to the ground. 

The hook is made of high tensile steel af^proximatcly 2 ft, 2 ins. 
long. On the underside are cut a number <4 teeth Ui), usually eight, 
in such a fashion as to caase them to dig into any surface on which 
they rest and thus prevent the ladder slijiping rnving to the outward 
puli of the person climbing it. At the further enrl of the liotjk is a 
bill (0 6 ins. long from crown to point. 'Ihe hriok is kept in po.sition 
by a small spring-loaded j»iungcr (;) which travels over an incline 
on the shoulder of the hook and drops into a hole, thereby keeping 
the hook rigid. The hook is painted wliite to facilitate working in 
the dark, but the underside, like the ring already mentioner.1, is kept 
highly polished to enable any defect or flaw to be discovered 
inimediately. 
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Hook Belt. The houk belt (Fig. 7), which should be worn when 
the ladder is in use at fires or at drill, is made of saddle-girth webbing 
about 4 J ins. wide and 3 ft. 4 ins. long. It is lined with leather and 

fastened by straps (a) which 
buckle from left to right to 
obviate the risk of the loose 
end of the strap becoming 
caught in the trigger of the 
hook. This large spring 
hook (6) is rigidly fixed to 
the belt and is worn either 
on the left or right of 
the body, depending upon 
whether the climb is being 
made left-handed or right- 
handed. It is fastened by 
the wearer to the steel ring 
fitted to the head of the 
ladder. The belt is also 
fitted with a strap (c) to 
which an axe pouch may 
be buckled and a leather 
pouch (if) to contain a bobbin 
line (e:). When the belt is 
put on, tlie straps should (July be loosely fastened so that the belt 
can be readily [iulled round to bring tlie hook into the correct 
position on either side of the body. 

In an alternative form of hook belt (Fig. B) the general construc¬ 
tion of the belt is .similar with the exception of the hook w^hich is of a 

loose link type. This type of hook 
allow's the wearer greater latitude of 
movement, but as it also permits the 
body of the wearer to come further 
away from the ladder it somewhat 
reduces the feeling of stability. 

Acceptance Test. Before the ladder 
is accepted it is tested as follows : 
It must carry two men, weighing 
together 23 stone, with only the 
extreme point of the hook resting 
on a wall; and when supported 
with the hook downwards by two 
trestles 12 ft. 6 ins. apart it must bear a 
Fig. 8. Loose link type hook, weight of 11^ stone applied to the 

centre. 

Standard Test, (a) The ladder is placed against a wall or suitable 
structure with hook dow’ii towards the wall, as close in as the hook 
will allow. The ladder is lashed or held steady, and each round is 
then jumped in succession as far as possible, with the feet apart. 
The ends are changed and the remaining rounds jumped. 

(6) The ladder is hooked on a wall or sill (Fig. 9) with a piece of 
lot 
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wood 3J ins. square under the extreme pt-int of the hook and the 
ladder drawn out as far as the hook will allow. In this position 
the ladder should cany the weii^ht of tsvo men applied gradually. 

{c) The ring must be kept highly polished and 
must be examined for incipient flaws. 

{d) Hook belts are to be examined at tlie .same 
time for any signs of perishing. Any belt showing 
mulue signs of wear is to be sent in for repair. 

Use. (i) General. Tliis ladder is used to scale 
a building in order to effect an entry on any floor 
for the piirjnjsc of rescue or for searching the 
building. It may be used in this way from the 
head of an escape or extension ladder or in circum¬ 
stances where it is not possible to ein|>loy other 
types of ladders to reach a particular floor of a 
building on account of the restriction of working 
space or height. The weiglit of more than one man 
should not be placed on the ladder except in an 
emergency, or when carrying out acceptance or 
standard tests. 

A hook ladder depends for its stability and 
safety in use on the fact that the weight is ai)pJied 
to it below its point rd suspeasitm. When using a p. ^ Correct 
honk ladder, therefore this |K)int should always method of ccsilnj 
be remembered, and the ladder should under no » hook ladder. 
circumstances be used where this requirement is not 
fulfilled. A.S the jjoint of suspension is the hook it fullows that the 
whole of the weight must be taken by it, thus providing the neces¬ 
sary stability and ensuring that the teeth on the underside of the 
hook are forced into tlie material on which it is resting and prevent 



it from .slii)piiig. 

The greatest care must therefore be taken to verify 
that the toe pieces are not resting on any prfq'cction and S 

faking part of the weight of the ladder. Further jire- 1j 

cautions which must be always observed are; that two ^ 

ladders never override ; that the ln)ok is pro|)erJy ^ 

engaged (by inspection during the day and by feeling ^ 

at night), and that the weight has been applied to 0 

the ring before In 

letting go w'ith dOu 

both hands. Any 

weiglit must be M 

applied below' the , _ 

otherwise the 
ladder may be- ^ 

come disengaged, p.^ method of picking up a I 

Ine appropnate ladder. Right; correct method of placing a I 
drills, and hints on ladder into window. 
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the use of houk ladders arc given in tliC National Fire Service Drill 
Book. 

(iij Ruhin^ a Hook Ladder. When raising the hook ladder from 
the grouiitl (J ig. lU, U'Jtj llie ladder should be grasped by the third 
and .sixth rounds with the hook on the giound 
jj(jinling away /rorn the body. With the right 
iiand (jji t<jj» and tlie left hand below, the heel of 
the Jarlder slioulil be raised slightly and with 
a sharp cant, the head raised, and the ladder 
brought to a ])erjjendicAdar position, keeping the 
Jadiler balanced with the hook facing away from 
LliL* body, (Jdg. JO, Wg///). 

'J o kt*e]) tJjc ladder well jdaced and i)erpen- 
diciilar wJieii raising it to the lloor above, the 
weight should he taken equally in both hands, 
and a .^snoolli and rapid hand action on the 
string.'; .nIi'iiiIJ be used as the ladder is being 
raiseii, tlie hook being held away from the 
oijerator. Wlien the bill of the hook has readied 
till' n:quin^d sill it sliould be turned inwards 
(Idg. 11) and the hook thrown in as far as 
possible. The ladder slaiiild be placed to the 
siile of tiio window siil to idlowas much room as 
po.'isiljle for inoveiiiiait. (Plale 0.) 

(lii) L'o Jitiicr a Huildi}:!^ from a Hook Ladder 
or id Step on to a Ladder from a Building. 
Will'll a buiiding is to lie entered from a liook 
bidder the ladder slioulil lie mounted as far as 
•‘Second round fruin tlie toi) and the top of 
ing abddcrtoihe ^triiigcs grasped witli tlie index lingers down 
second or 5ub.se- the outside. The right foot should then be 
quent floors. Note placed on the .sill (Fig. lii, i) followed by the 
ihc rigid right leg. jp'j, thrust upwards by the hand.s 

one side of sill. ^'^^‘ible the man to stand upnght. 

To descend, the man .should stand with the 
ladder on liis left (I'ig. 1-, iii) and place his hands on the top of the 
strings, index lingers poiiuing downwards, keeping hi.s back stniight. 
The riglil hnii shouhl ihen lie placed on the lowest of the round.s 
bearing the sluuud (I'ig. 12, iv), and keeping the weight on the 




P) (i'l (mi) (ivj 

Fig. 12. Correct method of using a hook ladder, (i) and (ii) Entering a 
building, (iii) and (iv) Leaving a building. 
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head of the ladder he should swin^ out, placing his left foot on the 
round below and straightening his anus. 

(iv) 1 0 ^iol‘e from a Hook Liuhier to ti Position on the Sill 

and from the Sill to tnc Ladder. Fi\)ni the round bch>w the sliroud 
the left foot 
should be placed 
into tlie window 
w i t h the 1e g 
straight and tlie 
hands holding 
the tojJS of the 
strings (Ih'g. Id, 
iefi) till the 
weight can be 
transferred to 

l!ie ii ' end tliieh method of moving from 3 hook hdder 

10 fitting poiition on 3 window sill and fi om the sill Lo 
rest mg on the ,|ie ladder, 
rail. Tlje rigid leg 

should then 1)0 hold rigidly against the -idv fd the biiililing [ \ jg. 13, 
icntrc). li tlx* ladder has been |)lac(*d against the left-hand side ef 
the sill tlie right fotjt should l»e placed into the window. 

To descend from ihi? lefldiand side of the ladder the hands should 
giiCsp tlie lops of the string- and the lioJiL leg be pi iced on l!ie round 
’oi'liov the shroud (iMg. Id. riejit). Keejtiiig his weight on the lu'.ul 
of tlie ladder, the man sloeiid then s^villg out. at the siLiiio lime 
j'lacin,:.: tlie left foot on the round l)C:low the right and straightening 
the arms. If desi eii-ling from the right the left leg sliuiild bo used. 

(^■) To Desveiid (duirkly in an Hmeyocney. d'he melhoil uf in.LKing 
a quick descent liy using a line made fast to the head of tlie ladder 
and given a rmiiitJ turn through 
the hook of the hook belt is 
vlealt with in the Chapter on 
" Methods of Rescue.'' 

(vi) To f gs’t’ as a Roof Ladder. 

The hook ladi-Ier may also be 
Used as a roof ladder (Tig. 14) 
or "duck-board" when neces¬ 
sary, as when dealing with roof 
or cliiinney lire.s. or to jjeiniil 
the opening of roofs for venti 
laiioM purjKises at smoky lires. 

I'or this imrpf.'se tlie book of 
tlie ladder is iikued over the 
roof ridge and tlie ladder laid 
tin the rot)f. This method is pjg |4_ Method of using hook ladder to 
sj)cciaily useful when negotiat- climb a ridged roof, 

ing .sharply raked roofs. As an 

alternative to the hook ladder for this purpose catwalk ladders have 
been constructed in .some localities. These usually consist of bimrds 
across which wooden treads are nailed. One end is secured against 
a parapet and the ladder laid upon the roof; having treads 
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instead ol rounds, it is more easily climbed than a normal type 

ladder. 

4. SCALING LADDERS 

A scaling' ladder (Fi^. 15) is a tapering ladder fitted with two steel 
or gunmetal brackets (Uitskle the strings at the head and with two 
similar brackets inside the strings at the heel for the 
purpr).se of shipping another length at either end, 
each separate length being interchangeable. 

CvnUruclion. Each ladder is 6 ft. 6 ins. long 
and weighs approximately 21 Ib.s. The rounds are 
securcfl to the strings by gunmetal sockets in such 
a way llcat they will not rotate. The head is ins. 
narrower than the heel of the ladder. It is streng¬ 
thened by wrought-iron tie rods J in. diameter 
passed tiiroiigh tlie Ist, 3rd and 6th rounds and 
securiMj on the outside of the strings with round 
gun metal tapered nuts. 

Stiindard Test. The ladders are tested monthly, 
after use at lires, or more frequently still if used 
Fig. 15. Scaling for drill purposes. Ladders are to be examined regu- 
special attention being given to the rounds 
carrying. sockets, and to the rigidity of the ladders when 

joined together. 

Use. (i) General. Scaling ladders are short, light and compact ; 
being readily purl able they are easily canied tlirough narrow spaces, 
doorway.'^, i)assage.s and stairways, scjiarately or fitted together as 
necessaiThey are ^ ery useful fur scaling walls, providing com¬ 
munication between floors where 
stairways have been burned away, 
climbing abfiut on roofs, as bridges 
from one wall to another, as a 
giuigway from fireboats to shore, or 
for entering .ships' holds or man¬ 
holes. In case of necessity a ladder 
can be employed as a stretcher for an 
injured person. This is dealt with 
more fully in the Chapter on 
" Methods of Rescue.” 

Each length of ladder when 
shipjied affords an additional 5 ft. 
7 ins., therefore five 6 ft. 6 ins. 
ladders shipjxid together w'ould pro¬ 
duce a ladder 29 ft. long. Normally, 
not more than live ladders should 
be shipi)ed together. One man can 
ship a nuiiiber of ladders on the ground and can raise the complete 
ladder by uiider-nmning. Ladders if jammed may be unshipped 
by laying them on the ground and kicking them apart from their 
brackets (Fig, 16). Where time jHirmits, scaling ladders should 
be strengthened against separating by means of a line. This is 
HO 



Fig. 16. Meihod of unshipping 
scaling Udders, showing also the 
correct naming of parts. 




CHAFTER • 



Fig. 17. Interlocking gear used on 
scaling ladders carried on certain 
nreboats. 


U^hingi 



secured by a series of knots knowni as a yachtsman's purchase 
which is described in the Chapter on " Knots and Slings.” 

(ii) Lowering. Scaling ladders 
are of particular value when it is 
necessary to employ ladders in 
a very confined space, for such 
purposes as lowering into a man¬ 
hole or ship’s hold. This method 
of shipping is describetl in the 
National Fire Service Drill Book. 

Certain of the scaling ladders 
used in fireboats are fitted with 
special spring clips (Fig. 17) so 
that when they are lowered into ships’ holds it is not ikm tissary to 
lash them. 

A swivelling spring ht>ok is attached to the inner face oi each 
string between the first and second 
rounds, its travel being restricted by 
a metal stop mounted on the socket. 

The hook is directed, by a curved 
projection on the head of the ladder 
below, into a hole with which it 
engages. 

(iii) Bridging. To bridge a dis¬ 
tance of not more than 9 ft. twfj 
ladders are shipj)ed and la.shed to¬ 
gether at adjoining rounds. A third 
ladder is then placed centrally above 
and the ladders are lashed together with lines at poiiii.s where the 
upj^er ladder meets the lower ladder^ (I'ig. 18). For distances of 
more than 9 ft. up to 12 ft. three lower and 
two upper ladders are u.scd, lashed in a 
similar way at all joints and at the ends 
of the top ladders. The ladders are then 
turned over (Fig. 19) and pushed fir drawn 
over the gap with the central strengthening 
ladders l^low. The bridge thus formed is 
capable of taking a considerable weight. 

S. POLE LADDER 

This is an unusual typie of ladder whicli 
was used by many fire brigades before 
nationalLsation. It consists of 
a short ladder of the first-floor 
type, the rounds of which are 
hinged by means of a pin 
through the strings, to enable 
it to be folded. The strings 
are channelled so that when they 
come together the rounds fit into 
these recesses and the strings lie 


Fig. 10. Method of lashing scaling 
ladders to form a bridge. 



rounds lashed 


Fig. 19. Bridge formed by lashed 
scaling ladders. 
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flat against each other. The folded ladder, which is then secured 
by a leather strap, has thus the appearance of a single pole. The 
length of the ladder is 10 ft. B ins. when folded, and 9 ft. 10 ins. open. 

Tlie advantages claimed lor this type of ladder are that not only 
does it occupy the minimum of space on an appliance, but it can 
also be used as a battering ram for breaking down heavy doors. 
Both ends are steel shod to jjrevent the strings being damaged when 
the ladder is txaiie used for this purj)Ose. 


e. NON-SERVICE LADDERS 

It frequently happuiLs that when a ladder is required builder’s or 
other similar ladders are the only ones available. They should be 
used with care, l)ecause time aiul circumstances may ])revent other 
than a ciirsorv cxaminalion before use. They should not be 
climbed hiirriedl\’, and the weight should be traii.sferred gradually 
from one roiiiu! aiuitlier, keeping the feet well aj)art. The heel 
of the holder sliDuld not be drawn lf)i) far from the building as the 
more pf!r[«eijfliciilar it is the stronger it is. With this type tlie 
rounds arc generally spaced at 9-in. intervals. 


LADDER WORK 


I. HANDLING LADDERS* 

The ability U) baiulle ladders and move them from place to place 
quickly, .safely and in an expert manner is an indication of good 
firemansliij). 

Practice in the handling of ladders under favourable conditions 
will give a rnucJi liigher standard of cfliciency when speedy and 



correct manipulation in difficult conditions is requiied to save lives 
and jiroiierty. It is important that ladder.s should at all times be 
handled with care to i)revcnt damage and splintering, and it must 
be remernberod. too, that the incorrect balancing and handling of 
ladders may catisc unnecessary strain and personal injury. Wlien 
ladders arc moved, more especially at night, accidents can often be 
averted by requiring that tlie head of the ladder should be painted 

• riio inollujd for a long extuirsi'an laJvlcr desi rilu'd and illnstralcd on this 
page shonUl bt: used for a long carry only. Tor other carrie.s and drills, use the 
method described in tlie National hire Service Drill Dool: i^Notcs to extension 
ladder drills). 
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white to make it easily visible, and that the man or men carryinj^ the 
front end of the ladder should w'alk with arm extended to w'ard off 
others w’ho might be struck by the ends of tlic steel-shod strings. 
It is suggested that the top side onh’^ of the head of the ladder 
should be painted, as the fact that })aint is showing will tlien imme¬ 
diately indicate that the ladder is correctly faced to the building. 
The correct method of carr 3 iiig an extension ladder is shown in 
Fi:’. 20. 

To carry a long and heavy ladder through a narrow gate or 
passage-w'a}^ the men sliouid swing under it in single lilc and carry^ 
the ladder overhead. If four or more men are carrying, then the 
men on the right-hand sirle of the ladder will move forward, and 
those on the left-hand side drop back. The ladder should lie held 
by the rounds with the hands apart and as close to the strings as 
possible. 

2. PITCHING A LADDER 

A ladder should always be pitched to the extreme side of a window, 
normally to the right (unless the wind is blowing smoke and lire to 
that side). If this has been done correclly a man carrying out a 
rescue will be able to use his right hand, the stronger and more 
useful, to grasp the ladder and a.ssist him in lifting the rescued 
person on to the ladder. 

The head of the ladder should be wtII al)ovc the sill of the window 
(Fig. 21) as it is then easier to .step on to when carrying a rescued 
person. Where tlie window' is narrow’ the ladiier should rest rm the 
wall and not the sill, so that the rnaxiniiini sfMce is left for working 
and for entering the building. It is not necessary to secure the head 
of a ladder by lashing, unless (ti) the heel rd the Kidder is uii uneven 
ground, (l^) the lathler is left unattended for any length of time, or 
(c) w'hcn w’orking from a ladder. Tii cases where the intiTiial stair¬ 
case of a building cannot be iiserl lictMiise of damage, an iinin'mised 
external staircase can be made by vising two ixLmision ladders, 
.side by side, and lasherl by the strings at trg) anrl bottom ; in this 
case the heads of the ladders should Ijo sec ured. 

3. PRECAUTIONS IN THE PITCHING OF LADDERS 

A long extension (30 nr ^10 ft.) ladder .‘^honld not l»c pitched more 
than 14 ft. or less than 7 ft. aw’.ay from the building, rlcptaiding 
upcm tlie height of exten.^ion. It is advisalde \i> use the greater 
distance wdien a branch is to l)e userl from the head of tlie* Kidder. 
It is important that a man sliouId be .-stationed a! tie:* lieoJ of a lailder 
even though a steel liecdpl.itc- is lined to prevent tlie ladder from 
slipping. The ladder shoidd be .‘Steadied l)y jdaciiig the right foot 
on the low’cst round, bracing the left leg well back, gra.sping both 
strings one in either hand, and pressing on tlie ladder. At no t ime 
should more men than necessary be allowed to climb a ladder 
simultaneous!}'. Three men is the maximum pennissibJe for the 
largest sizes of ladders. Care .shr)uld be exercised that tlie safety 
overlap of the up[>cr extension with the lower (as indicated by tlic 
white safety mark painted on the outside of each string) is not 
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reduced; this is particularly important when using the short- 
extension ladders. 

4. LADDER CLIMBING HINTS 

A ladder should be climbed briskly but smoothly, and the fireman 
who is to climb ladders well must tlierelore be agile and possess 
balance and rhythm. Both are the result of correct instruction and 
practice and are essential to good firemanship. When a man holds 
liimself rigid and keeps too clrjse to tlie ladder he does not possess 
complete control of his body, and his knees are liable to foul the 
rounds. Ikdaiice is achieved by kccj)ing the body erect, the arms 
stniiglit hut not tense, and rhythm by the smooth¬ 
ness of action of arms and feet when ascending and 
descending. 

To maintain a steady ladder and steady progress 
when cliinbiiig, the feet should 1)0 kept towards the 
cenlie of the rounds and placed naturally in what 
is felt If) l)e a comfortable climbing position. The 
cliiiil)(?r should not watch his feet but should look 
slightly upwards in the direction ol the climb (Fig. 
21). d'he hands should be moved smoothly on the 
rounds at a level l)ctween the waist and shoulders ; 
i)j)eraUng above shoulder level gives les.s control 
and uses more energy. The rounds should be 
grasj)ed by the hands with the palms down and 
the thumbs under the rounds. Body sway will 
thus he avoided and the hands at the same time can 
test the rounds, so that a defective round is 
delected bch>re the full weight of the body h.xs 
been i)laced uj)on it. Both hands should never be 
on the same round at the same time. Should a 
round break under the feet, a firm prasp with 
the liands on the rounds is sufficient to prevent 
Fie 2\ Correct is not the case when the strings 

method of climb- gi asj)ed, since if the foothold is lost the hands 
ing a ladder. will .slip. Only in special circumstances, e.g., 
when using the first-floor ladder xs an additional 
extension to an escape, should the strings of a ladder be used for 
clindung. 

It inu.st be reinciuhcred that the legs and not the hands carry the 
weight of the body when climbing. At each step the ball of the foot, 
and not the arch, shouhl be placed on the round. When ascending 
or descending, the liaiid and the foot on the same side of the body 
should move in unison, i.r., left hand and left foot, right hand and 
right foot. 

5. BRIDGING FROM A LADDER TO A WINDOW 

One man earn ing either a section of a short-extension ladder, a 
scaling ladder, or a lirst-floor ladder, climbs to the required position 
and scats himself sideways on a round, facing a string and using a 
" Icg-lock ” (sec below). The bridging ladder is swung across by 
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placing the inside hand under the lower string and the outside hand 
over the upper string. The ladder is passed across the space to the 
\^indow, using the protruding knee as a supporting pivot. The 
bridging ladder is then lashed to the main ladder. 

6. TAKING A LEG-LOCK 

When working from a ladder it is frequently necessary to have 
both hands free to direct a jet, to handle a small ladder, or haul up 
sundry small gear. A fireman working on a ladder should not release 
his hold unless he has properly secured himself, preferably by a hook 
belt or a line. Such equipment, however, is not always readily 
available in an emergency, and, therefore, a fireman mast know the 
best improvised method of securing himself to tht ladder to allow 
him to work with his hands free. This is easily accomplished by 
taking a leg-lock on the ladder. To take a leg-lock the man should 
stand on one round and place the other leg through the ladder over 
the second round above the round on which he is standing. Then 
he should bend the leg and use the inside of the knee and hack of 
the calf of the leg for steadying pur])oses. If the length of leg so 
permits, it may be possible ff>r him to bring the foot back through 
the ladder between the rounds and place the toe of the foot under 
the round above the one on which he is standing. The leg-lock is 
made on the side of the ladder opposite to the side on which the work 
is being carried out. The arch of the lower foot should be placed near 
the strings in a position to prevent it from sliding il the round is wet. 

7. TAKING AN ARM-HOLD 

When using a branch from a ladder it is a wise precaution to put 
one hand round a string before grasping the branch, while the other 
directly holds the base. Thi.s procedure should, especially, be 
followed in cold weather when ice is liable to form on the ladder. 

B. CONSTRUCTION OF A STEP LADDER 

Step ladders of varying heiglit can be made from ladders normally 
carried on Fire Service appliances by using— 

(o) Two 30-ft. extension ladders for a long step ladder. 

(b) Two short extending ladders for a medium step ladder. 

(c) The two sections of the short extending ladder for a short 

step ladder. 

A step ladder is required to reach a ceiling or roof where a single 
ladder cannot be used. The long step ladder is employed to reach 
the middle of a high ceiling, such as is found in a school gymnasium, 
hall, etc., where no support for an extension ladder exists. 

To make long- and medium-sized step ladders (Fig. 22, left) the 
ladders are extended horizontally on the ground or floor to the 
required length. One ladder is extended one round more than the 
other to allow the second ladder to interlock. The head is then 
lashed securely. The spread of the long ladder at the base should 
not exceed 7 ft. and of the medium ladder 4 ft. 6 ins. The top 
section of a short extension ladder can be used as a flxed spreader 
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at the base (Fig. 22. centre), in place of a spreader line, by passing 
the section tlirough the bottom rounds at the base of the two 
extension ladders, and lasliing the adjoining rounds each side with a 
line. If using a spreader line this i.s to be attached by a clove hitch 
to the third round Irrmi the bottom of both ladders. The ladders 
are tlicn raised in tlie form of a letter “ A." 

To make a short step ladder (Fig. 22, rig/ii) 
the two sections of a short extension ladder 
are .separated and the top extension is inter¬ 
locked at the head ol the main extension. Tlie 
liead is then lashed as for the long and medium 
.stej) ladders. The spread at the base should 
not exceed .'1 ft. 0 ins. and the spreader line is 
tied as for the long and medium step ladders. 





Fig. 22. Left : method of constructing a step ladder, using two JO-ft. extension 
ladders, showing rope used as streccher. Centre : method of strengthening 
the base of a step ladder using a section of ihe short extension ladder as a 
stretcher. Right : method of constructing a step ladder from the two 
sections ol a short extension ladder. 


Twf) TTUMi should foot tlie long step ladder for steadying purposes, 
bur rjiily one man i.s required to foot the medium and short step 
1 add Cl'S. 


MAINTENANCE 

Apart from the regular testing of ladders, the punctual and 
enu'ient perloiin.iiice of which is of the utmost importance, the 
following hints on maintenance should be borne in mind. 

(a) Ladilei s of all types should be used regularly at drills 
in onicr to ki-ep them in shape. They should not be stored in one 
position or warping is likely to result. 

(b) The wni)d of ladders is liable to s|ilinter, and any rough¬ 
ness or incijiicnt sjdiiiters should be sandpapered off, or, if the 
ladder is bailly a fleeted, it should be sent to the workshops for 
sciai>ing ilnwn and rert^Uing with preservative. 

(c) When the jireservativc, whether varnish or not, becomes 
worn, it should be refilaced immediately, otherwise the weather 
may reach tlie wood and affect its strength. 

(if) Kejiairs should only be carried out by experts, and 
should not be attempted by those unacquainted with the structure 
of ladders. 
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ROPES AND UNES 

R ope making is one of the oldest industries practised by man 
and its orif,dn is lost in antiquity. It is, however, known that 
tlie ancient Ef^yptians possessed the art with a high degree of skill, 
fi»r when the doors of the inner chamber of the tomb of Tutankhamen 
were opened it was found that they liad been secured by a length of 
4-in. ro])e. The quality and the workmanship shown were of a high 
order, so that the industi v goes back well over 3,0(K) years. 

Tliere has been cuii'^iderable uncertainty, particularly among 
students, of the meaning of such terms as " Hawser,” ” Cable,” 
“ Rope,” ” Line,” etc. These terns, although generally and indis- 
ci iniinatcly u.sed by laymen, have precise meanings whicli should be 
cIlmHv understood before any instruction is given or taken in this 
subject. 

In order to standardise the use of such terms throughout the 
Service a glossary of terms has been j)rcparcd, which will be found 
at the end of this chapter. 

CONSTRUCTION 

I. MATERIALS 

Ropes may be either of metal or fibre or sometimes of mixed 
constructiun, thougli in the latter case it is the metal part which 
carries the load. Fibre ropes as described here may be considered 
as l)cing ropes otlier than steel wire ropes and may be manufactured 
from a number of different types of vegetable fibres. 

Rope as generally used in the Fire Service is made principally 
of:— 

(a) Italian hemp. 

(6) Manila. 

and to a much lesser extent of— 

(c) Sisal. 

[d) Coir. 

(e) Cotton. 

Italian hemp is normally considered to be the best for Fire Service 
work as it is less likely to swell when wetted and, owing to the soft¬ 
ness of the fibres, is more flexible, can be used over shorter radius 
curves and therefore has a longer life. 

Manila, on the other hand, is an excellent general purpose rope, 
is less expensive, and can now l^e made practically waterproof. 

Sisal, though approximately as strong as manila, is not normally 
used, since it swells considerably when it is wet and is lialde to be 
slippery. Coir, owing to its lightness, will float on water and 
is used in the River Service for getting lines of hose and warps (i.e., 
lines used for mooring vessels) ashore. A great advantage is its 
elasticity, but it has not the strength of the preceding types. 

Cotton rope also has a high resilience and is soft to handle. 
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Internal wear due to bending is slight and 
^ iw external appearance therefore gives a 

^0/ better indication of the actual state of the 
^ rope than with other types. It has, how- 

IW ever, a very short staple, and is therefore 

IvJ susceptible to damage from chafing. 

^ 1. METHOD OF MANUFACTURE 

l^rigMtund t^ipfihjnd Hemp, inanila and sisal are all received 
, ri u u at the rope works in bales ; the fibre beine 

right-h»nd ind Icfi-h.nd ready for making into rope. The first jiro- 
lays. cess or " prei)aration " of the fibre consi.sts 

in combing it on a series of special machines 
so that the individual fibres are arranged rouglil}^ parallel. In iliis 
state it is known as a “ sliver.*' The next process consists of 
" spinning,” in which a permanent twist is mechanically imparted 
to the sliver, then known as a ” yarn,” which is wound automatically 
as it is |)roduccd on to bobbins. Wlien the yarn has l:)een prepared 
it is subjected to one or other of two proccsse.<^ depending on whether 
a ” laid ” rope or a plaited roj)e is desired. 


1. LAYING* 

After spinning, the bobbins filled with yarn are ready to be made 
up into ” strands.” These strands, which consist of a series of 
yarns twisted logcther, are made uj) in one of two ways, either in a 
” rope walk ” or by a sjiecial form of machine. The former is still 
largely employed for making fibre ropes and in its essentials differs 
little from the method used for centuries. The rope walk consists 
of a long narrow shed which may be as much as 1,200 ft. long, since 
rope cannot be made by this method in one piece of a greater length 
than that r)f the walk. Rope is normally made in lengths not 
exceeding 120 fathoms or 720 ft. The appropriate number of yarns 
are drawn off the bobbins and twisted together on the rope walk to 
form a strand. Three or four strands are thus formed and then 
twisted together to form the rope. This operation is known as 
*' laying.” When laid up, the finished rope is ready for coiling. 
In order to prevent a rope from unravelling, the yarns making up 



Fig. 2. Sketches showing the construction of (left) hawser-laid rope, (centre) 
ihroud-lald rope, and (right) typical three-strand Four-hawser cable. 
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the individual strand are twisted together in the opposite direction 
to that in which the strands are twisted when made up into rope. 
Rope may be " laid up ” either right hand or left hand, and is then 
known as having a " right-hand " or " left hand " lay respectively. 
The lay can be determined by looking at the rope ; if the strand 
runs away from the body from left to right, it is a right-hand lay, 
if from right to left then it is a left-hand lay (Fig, 1). A hawser-laid 
rope is made up of three strands laid together (Fig, 2, left), whilst 
shroud-laid rope (Fig. 2, centre) consists of four strands laid together, 
usually around a central core. A cable-laid rope (Fig. 2, rig/ifj 
consists of three or more haw'ser-laid ropes, with or without a central 
core. A cable is usually laid up left-handed since the individual 
liawsers of which it is constituted are laid up right-handed. 

4. PLAITED ROPE 

Rope used for certain purposes such as the life lines with wliich 
emergency turntable ladders are equipped, may be of plaited con¬ 
struction. In this there is a central core around 
which the yams are plaited in tlie normal manner 
(Fig. 3). To avoid undesirable distribution of 
stress in the rope the central core is made up of 
short strands and acts as a " former ” only. It 
dues not play any part in taking the load on the 
rope. This line is somewhat less .strong, size for size, 
than the ordinary right- or left-hand laid rope but 
j)osst;sses the definite advantages that it i.s more 
flexible, is less likely to kink and does not expand 
to any marked extent when wetted. Undue wear Fig-3- Sketch show- 
can also readily be detected by an unskilled person ofplaited 

since, if one of the threads of which the rope is 
made should break, the end.s immediateh^ show up. 

Rope purchased by the Government for general use i.s governed 
by specification No. T.G.30. Some departments, in ortler to identify 
their rope, arrange for a coloured yarn to he inserted. This, for 
obvious reasons, is known as a " rogue’s ” yarn. 

The British Standards Institution have framed a Specification 
governing the construction of manila ropes (B.S.S. 431) and have 
laid down certain definitions. A few of these will be found in the 
Glossary at the end of this chapter. 

A handy guide to the use of rope, particularly in connection with 
lifting tackle, is published by the Hard Fibre nrul Cordage Federa¬ 
tion, Portland House, 73, Basinghall St., London, E.C.2., entitled 
" Lifting Tackle—Schedule and Code of Practice to assist Users 
to comply with the Provisions of the Factories Act, 1937, Section 23.'' 

MAINTENANCE 

Since rope is a vegetable fibre, much the same remarks apply with 
regard to care and maintenance as were made under the heading in 
Chapter 4. Deterioration may be caused in one or other of two 
ways, 1. Mechanical, 2. Chemical. 
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1. MECHANICAL DETERIORATION 

Tills is caused through wear or internal friction. It is essential 
therefore to avoid anything whirh will add to this. Rope should be 
uncoiled carefully to avoid kinking, starting at the bottom on the 
inside of a coil, working anti-clockwise. After the line has been 
uncoiled, kinking is still |jo.S-sible and steps must therefore be taken 
to see that this does not arise. Kinking tends to draw the fibres 
apart and weakens them, therefore strain should not be applied to a 
rope which is kinked. 

Sliarp bend.-, should be avoided, ])arlicularly whxn securing the 
end of a line. When lowering a weight, the line must not be allowed 
to chafe fin a .sharp edge such as a coping. Dragging along the 
grr and drives grit into the fibres and subsequent internal movement 
l)envetn the strand.s will cause tlie grit to cut into the fibres ami 
.seriou.sly weaken them. If a rope becomes very dirty it should be 
washed and al!»j\ved to dry in the same way as for canvas ho.se. When 
rope must change dii ecliun under strain it should be pas.sed through 
a pulley block, but the sheave of the block must be sufficiently large 
tf' :u:f tiimnodate the rojie so that it docs not ride on the slioulclcrs. 
If the sheave Is too narrow, more damage may be done than if a 
block bad not been u.sed. Rope should not. if avoidable, be led 
round bends when under strain but should be so arranged that as 
direct a pull as possible is obtained. Wtien sharply bent iinikT 
strain the total slre.ss is unevenly distributed amongst the individual 
fibres and hence the rojic is weakened. 

2, CHEMICAL DETERIORATION 

Tills limy be caused by exposure to acids, alkalis, weather condi¬ 
tions or by subnier.'jion in water for any considerable time. There¬ 
fore rope should be stored, as far as possible, in a cool dry place with 
plenty of ventilation. It should never be stored damp, or mildew 
will set in. Nor should it be stored directly on the floor, V)ut on 
boards raised above ground level. The coils should be turned over 
from time to time. The ideal temperature of a rope store is between 
50'^ and Ti)'' F. with a humidity of between 40 and 05 per rent. 
Rope, like liose, Is more liable to damage when wet, therefore, as far 
as possible, it should be kept dry, particularly when in u-se. 

The higher the grade of fibre used in the rope the less is the 
delriineiual effect of damp and moisture, consequently the expecta¬ 
tion of life is higher for a better grade rojje than for one of a poor 
quality. 

Ro|)e is sometimes treated with Stockholm tar (obtained from 
wood) to prevent mildew due to damp. This may be effected by 
introducing the tar into the fibre before spinning nr subsequently, 
after the rope is made up, by boiling. The latter method weakens 
the rope and tarred ropes are ahvays considered to have a lowxr 
breaking strain than untreated ones. 

W et or damp ropes should not be throw-n on the ground and left 
there as this w'ill cause the fibre to rot. Frequently the rot com¬ 
mences from the inside of the rope and cannot be detected by 
external examination, therefore the greatest care should be exercised 
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to avoid contamination of this description. Rope which has become 
wpt should be dried out naturally, for if it is dried artificially and too 
rapidly the fibres become brittle and the rope loses strength. It 
sliould not be kept in the bright sunlight, as the rays of the sun 
produce an action which discolours the fibres and weakens both 
Tiianila and sisal. It should never be left in contact with iron since 
rust is a potent cause of deterioration. Most acids and alkalis will 
cause burning and destroy the strength and shorten the life of the 
libre. Even fumes in certain cases have this effect. 

TESTING 

Since the safety of a person may frequently depend on the strength 
of a rope it is essential that all ropes used by the Fire Service should 
be adequate for the work which they are designed to carry out, and 
that they should be tested and inspected frequently to ensure that 
tbey arc in first-class condition. 

The following standard tests for lines were in force at the date of 
publication of this Manual. 

" Ropes and lines are to be tested monthly, after use at a 
fire and, in the case of lines used for lowering, before use for drill. 
All lines are to be examined and lowering and other similar lines 
are to be tested by securing at one end and a steady strain of six 
men applied.” 

Jerking a line should not be allowed whilst testing, since it subjects 
it to unpredictable strain and is not a true measure of its strength. 
When the rope is being inspected care should be taken to avoid 
distortion. Points to be watched are that external chafing and 
cutting are absent and tliat there is no internal wear between the 
strands. It is of the utmost importance ttj verify that no deteriora¬ 
tion of the fibre has set in and, when lines are te.sted, to see that all 
fittings such as .swivels, snap hooks, etc., are free from defects. 

The Admiralty, in the Manual of Seaman.^lup, 1937, Volume I, 
Chapter 3, page 95, give the following method for ascertaining the 
breaking, proof and safe working load in tons, of hemp rojic up to 
0 in. size—" Square the size of the roj^e and divide consecutively by 
3, 9 and 18.” For a 2-in. rope, for instance ;— 

2® 4 

— = - tons = 20J cwt. (ap])rox.) breaking strain. 

3 3 

2* 4 

— = - tons = 9 cwt. (approx.) proof (testing) strain. 

92 4 

^ z= _ tons = 4J cwt. (approx.) safe working load. 

18 18 

These figures give a considerable margin of safety, since the 2-in. 
manila rope manufactured to Government specifications lias a 
normal minimum breaJting strain of 35 cwt. and a safe working load 
is 5 to 5^ cwt. 

British Standard Specification No. 431 states in the foreword:— 
"For new ropes employed for lifting purposes, a ratio of maximum 
dead working load to guaranteed breaking load of rope of not less 
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Fij. 4. Closc-up view of sling, spring snap hook, sheave and wooden bollard for 
extra long life>line used with certain turntable ladders. 

than 6 is recommended. The factor of safety employed should be 
considered together with tlie condilioiis of service and the condition 
of the rope, and while (i is recommended as a minimum for new rope, 
it is, in many instances, desirable to increase this substantially, 
i,c,, to 7 or H, wliere the conditions are adverse and w'arrant sudi a 
course being taken." 

Rojie makers recuniinend that where the necessary facilities are 
available, roj)e should be tested by running it through a single sheave 
pulley block at the heafl of a tow^er and suspending a weight equiva¬ 
lent to the required test. Thus for a 2-in. maiiila rope, a liall-ton 
weight would be attached to the bottom and the weight drawn up by 
a number of men until it is clear of the ground. 

LINES IN USE IN THE SERVICE 

Cordage forms an e.ssential part of Fire Service equijnnent. There 
is hardly an operation in lirelighting, whether it be effecting a 
rescue, getting a length of hose up a building, strengthening a ladder, 
or making fast the suction when working from open water, which 
does not call for the use of a rope or line. 

The lines mentioned below will be found on the majority of appli¬ 
ances throughout the country. Every Fire Service appliance should 
carry at least one long line and one short line, though the materials 
from w'hich these arc made and in some cases the lengths may differ 
slightly according to locality. 

I. EXTRA LONG LIFE LINEE 

Used on turntable ladders (Fig. 4). The length varies with the 
type of ladder on which it is carried, but is usually between 200 and 
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230 ft., 2 in. circumference, made from plaited Italian hemp, or 
.sometimes of plaited cotton, and htted at one end with a mild steel 
spring snap hook (a). 

Before the line is made up it is rove through a galvanised iron 
sheave (b), which is then drawn to the end of the line until it rests 
against the spring hook. 

The line is then coiled down on a wooden bollard (c) to which one 
end is permanently secured. Alternatively the line may be wound 
on a large wooden reel, the axis of which is extended at each end to 
form a handle. The free end of the line, with the hook and sheave, 
in the former case, is stowed in the centre of the coil, where it is ready 
for immediate use. 

The line is carried on the appliance either in a clip behind the 
driver's seat, or, if the ladder is fitted with a revolving turntable 
j)latform, the bollard may be carried there. 

The use of this line, and of the canvas safety belt or sling (d) which 
romprises an essential part of the rescue equipment, is fully described 
in the Chapter on " Turntable Ladders." 

X. LOWERING LINES 

The length of these lines varies in different localities, but Is usually 
specified as not less than 130 ft. It is not unusual to find that certain 
appliances on whose station ground high buildings occur, carry extra 
long lowering lines. Lowering lines may be hawser-laid of Italian 
hemp 2 in. circumference or of plaited construction of much the 
same size. 

As the principal use of the 
line is for rescue work, it may 
either be made up with two legs 
at one end or it may terminate 
ill a snap hook with or without 
a swivel. In the case of the 
former type (Fig. 5, left) each 
leg is fitted with a running eye, 
the lengths being so adjusted 
that the two bights permit of 
a body being placed in them 
and lowered. 

These legs are made by 
splicing in an additional 7 ft. 
of line [a) about 6 ft. from one 
end. This provides two legs, 
the shorter of which (6) is the 
standing part, and is indicated 
by a Turk's head knot (c) 
worked round it just below the 
splice, so that it can readily be 
identified by touch in the dark. 

The fact that one leg is shorter 
than the other allows the person 
being lowered to assume as com¬ 
fortable a position as possible, with his head upright. It is imfiortant. 



Fig. 5. LeFi : hiwser-Uid loWBring Imc 
wiih spliced-in leg ficted wiih running 
eyes. Right : spring snap hook Fitted 
on a plaited lowering line. 
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therefore, that the shorter leg should be made from the standing part, 
as it Ls this end which is passed round the body under the arm-pits. 

If the shorter leg were made from the length spliced in, and the 
splice were to part, the person being lowered would be suspended 
head downwards by the standing part round his legs, and a serious 
accident might result. If, on the other hand, the line is properly 
constructed and the splice gives, the person being lowered is still 
securely held head upj)ermost. A plaited type line fitted with a 
snap hook is illustrated in Fig. 5, right. 

A guy line, approximately 130 ft. long, is used in conjunction with 
both tyj^s of line. This may be kept permanently attached or 
may be a bobbin line bent tjn by means of a clove-hitch one half of 
which is made above and the other below the splice, on the standing 
part, or by means of a couple of turns and by securing the guy line 
on itself by means of the snap hook. The guy line is thrown down, 
and used by the men below to keep the rescued person clear of the 
building while he is being lowered. 

Lowering lines, being primarily rescue lines, are usually carried 
externally on the carriage of the esca])e, or some other accessible 
position. They are sometimes made up on a special leather cradle, 
but more commonly on a wooden bollard. Methods of making up 
the lines described in the Chapter on ” Knots and Slings " vary, 
some American brigades, for example, use a method similar to the 
blood knot used for making up belt lines, which provides a loop for 
carrying the line over the shoulders, and an immediate pay-out 
when thrown down. Whatever method is employed, a lowering line 
should always he made up and stowed so that it is ready for 
immediate use in any emergency. 

It is not unusual to mark the centre of a lowering line with a 
binding t)r a Turk's head knot which should preferably be of another 
colour Lo facililate ea.sy recognition. The use of the lines is fully 
described in the chapter on " Methods of Rescue.” Italian hemp 
lowering lines, as used in one locality, showed on test breaking strains 
of around 2-8 tons for a 2-in. rope. 

i. LONG UNE5 

Long lines are general purpose lines, 100 ft. in length and 2 in. cir¬ 
cumference. made from untanned manOa having plain ” whipped ” 
ends. They are used for a variety of purposes, the most common being 
to haul a length of hose aloft. They may also be found useful for the 
purfK>se of roping off streets or areas on the hre ground to hold back 
spectators. They should not be used for rescue work except in an 
emergency when no lowering line is available. When new they have 
a test breaking strain of approximately 35 cwt. They should be 
carried in a convenient locker, made up as described in the Chapter 
on Knots and Slings.” 

4. SHORT UNES 

Short lines vary between 40 and 50 ft. in length, and in most 
localities consist of 2-m. untanned manila identical with the long line 
described above. Short lines have, however, been made in many 
localities by cutting out the sound parts from condemned lowering 
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lines. Short lines of varying material and length may, therefore, 
be found in use. 

The short line is used for innumerable small jobs for which the 
long line would be unnecessarily cumbersome, the most common 
being to make fast the strainer and suction when working from open 
water. It is also usually more convenient for strengthening scaling 
ladders or lowering them into holds or basements, etc., as there is 
less line to pull clear at each stage of the operation. 

The line should be stowed beside the long line, made up as 
described in the Chapter on " Knots and Slings." 

S. ESCAPE LINES 

An escape line is a line between 15 and 20 ft. in length secured to 
the top round of an extension ladder or escape by means of a running 
eye, the free end of which is taken into the building to assist men to 
find their way back to tlie window from a smoke-laden room, It 
may also be used for securing the head of an extension ladder. 

There is no specified material or size for csca[)e lines, but as they 
are commonly made from condemned lowering long or short lines 
they may generally be stated to be 2-in. lines made from either 
Italian hemp or untanned manila. 

An escape line will be found on most escapes, extension ladders, 
etc. It is often secured by means of an eye attached to the top 
round with a snap hook attached to the end for clii)])iiig the rope to 
itself when securing. When not in use it Is coiled and secured by 
metal clips, but in some areas is allowed to lie along the strings of the 
ladder where it is ready to hand at all times. When arranged in this 
way care must be taken to see that it does not foul the extensions 
as they ride over one another when extending or lowering. 


The bobbin line is a light line, approximately 130 ft. in length, and 
made from 2^ lbs. brown thread, used on hook belts. It takes its 
name from the fact that it Ls wound on a leatlier bobbin [Fig. 6) rather 
like a large cotton reel (a), carried in a special ])ouch (6) on the hook 
belt, with the opening underneath, so that wlicn the catch is released 
the weight of the bobbin cau.ses the line to fall out into the fireman's 
hand ready for use. 

After the line is made up on the 
bobbin the free end, which is fitted 
with a swivel and snap hook, is 
attached to a " D " ring on the hook 
belt (c). One end of the line is thus 
always secured, so that the bobbin need 
only be cast away and the line will pay 
its^ out, leaving both hands free for 
other work. 

The bobbin line is used for hauling 
light gear aloft, for bringing up a heavier 
line or as a guy line. It is almost 
invariably found on hook belts used in conjunction with hook 
ladders or turntable ladders. 



Fig. 6. 
pouch 


hook bell. 


Bobbin line 
as carried on 


and 
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7. BELT LINES 

Sometimes known as " pocket " lines or " sennet ” lines. These 
are in general use in almost all localities, but their exact length and 
composition vary considerably. 

One type of belt line, as issued prior to nationalisation, was made 
up in 12-ft. lengths of 3 strands, 12 yam, 60 threads having a 
weight of between 4 and 8 lbs. per 3fX) ft., with a breaking strain 
not lower than 460 lbs. In other areas they are 40 to 50 ft. long 
(sennet lines) and used for hauling up small gear. Belt lines are 
used fur a wide variety of purposes, including lashing branches, etc. 
Their strength is such that they can be used in an emergency for 
rescue purposes when knotted together. 

The belt line, as it.s name implies, Ls usually carried on the hreman’s 
belt, made up as described in the Chapter on *' Knots and Slings.” 
The line should be worn on the left side of the belt, between the 
buckle and axe^puuch. 

B. HEAVING LINES 

Heaving lines, 80 to 100 ft. in length, made from the same material 
as belt lines, are fitted with a weight at one end, usually a partially 
filled small sandbag. 

They are used for casting a field telephone line over standing 
cables on the side of the road and are carried on field telephone vans. 

9. COIRp OR GRASS LINES 

These are issued to River Service craft in 120 fathom lengths 
(720 ft.). They are made of coir, which, owing to its lightness, floats 
on the surface of the water and is therefore ideal for use on river craft. 

The ends of the line arc spliced together to make an endless whip, 
which is used for hauling lengths of hose ashore. The line is passed 
round bollards, or through pulley blocks placed one fon/\’ard and one 
aft and the bight taken ashore. Hose can then be brought either 
to the shore or the boat by hauling on the line. It is of interest to 
note that minimum breaking load under the Government Specifica¬ 
tion for hawser-laid coir cordage is 7 cwt. for a 2-in. hawser as 
compared with 35 cwt. for a similar size manila hawser. 

A variety of warps or mooring lines are used by the River Service. 
No standard lengths or measurements can be given, as it is usual for 
coils of various sizes to be issued and cut as required. 

Manila, hemp, coir, and, occasionally, cotton lines of all sizes 
from 4 to 4 in. circumference, and any length from 10 to 40 ft., 
will therefore be found in use for mooring river craft. 

Lines used by the River Service are not made up on cradles, but 
coiled do^m either on the deck or in lockers. 

Whilst considerable variation in the t>q)es of lines in use may 
occur, the majority fall into one or other of the above categories, 
though differences in material, lengths and metliods of making up 
may be encountered. 

GLOSSARY OF ROPE MAKING TERMS 

Cable Laid. Made up from three or more hawsers laid in the 
opposite way to the strands of the hawsers. 

IM 
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Cable. A cable-laid rope. The term is misleadingly applied to 
many types of large ropes, but should only be applied to a rope 
made by la 5 dng together three or more hawser-laid ropes. 

Cordage. The description applied to all forms of rope, lines and 
twines and usually meant to cover the whole of the title " rope 
requirements." 

Hawser-laid. Made from three strands, laid up in the opposite 
direction to the lay of the strands. 

Hawser. A hawser-laid rope. The term is generally used, 
particularly at sea, to indicate large rop)es of 6 in. circumference 
and over. The true definition is " a rope consisting of three strands, 
laid up in the opposite way to the strands." As strands are com¬ 
monly laid up left-handed most hawsers are laid right-handed. 

Lay. The manner in which yams, strands or ropes are twisted 
together to form larger units of cordage. The lay of a lope can be 
determined by looking at the direction taken by the strand—if it 
runs towards the right it is a right-hand lay, if towards the left it 
is a left-hand lay. 

Line. Cordage cut to a specified length for a particular purpose, 
viz. " Lowering Line," " Life Line," " Belt Line." The term is 
derived from the use of ropes at sea, and is commonly used to 
distinguish between the manufacturers’ product in bulk (i.c., 
120 fathoms of 2-in. manila, etc.) and the lengths which are cut 
from it. 

Rope. The composition of six or more yarns formed into three or 
more strands, that is to say, not less than two yarns are taken and 
twisted together to form a strand, and of these strands three or 
more are taken and laid together to form a rope. Rope cannot be 
made in any size smaller than J in. circumference consisting of a 
total of six yarns made up in three strands. (B.S.5. 431.) 

Shroud-lald. Made up from four strands and a central core, 
usually laid right handed. 

Size. The size of a rope is always expressed in terms of its circum¬ 
ference (B.S.S. 431), 

Sliver. The first stage in the spinning of yarn. Consists of a 
continuous broad band (up to 3 in. wide) of fibres which have been 
arranged roughly parallel by a combing process. 

Strand. An intermediate stage in rope construction, made by 
twisting together two or more yams, usually left-handed. Three or 
four strands are laid up, usually riglit-handed, to form a hawser or 
shroud-laid rope respectively. 

Thread. The smallest divisible part of plaited rope. The smallest 
unit of cordage. 

Twine. Two or more yarns twisted together, usually made from 
soft hemp or jute, although a certain quantity is made from manila 
or sisal. Of the latter sisal is usually u.sed for packing purposes, 
whilst manila is used for making net for the fishing industry. The 
twine can be finished, that is to say, polished, or unfinished 
(B.S.S. 431). 

Yarn. The smallest divisible part of a laid rope, made by twisting 
a sliver of hemp, manila or other fibre. Two or more yams laid up 
together form a strand. 
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PART I CHAPTER B 

HAND AND STIRRUP PUMPS 


T he earliest ap]>liance in anything like general use for directing 
a jet of water on to a fire was a form of squirt (Fig. 1) rather 
like a garden syringe. This was made to hold up to 3 gallons, the 
body being held by one or two men whilst a third forced home the 
plunger. These squirts were crude in the extreme and only capable 
of producing an intermittent and very unsatisfactory jet. As the 
principles of j)iimp construction became better known, hand pumps 
were developed in a number of forms. Larger types requiring more 
than one man for operation developed into the manual fire engines, 
which were .superseded when mechanical power became available 
and revived again in the two-man manual. The smaller types were 
improved to deal efficiently with minor fires requiring only limited 
quantities of water for tlieir extinction. It is with this latter type 
of pump that this chapter will deal. 

THE HAND PUHP 

(o) Construction. Prior to the introduction of the stirrup pump 
a small hand pump had formed part of the standard equipment 
of almost all peace-time appliances. Very little alteration has been 
made in its design for many years past and it is only now being 
superseded to some extent by the stirrup pump. 

A typical example (Fig. 2) is single-acting, having one inlet or 
foot valve (a) and one delivery valve (6). It has a double casing, 
the space between the inner (c) and outer (d) casings serving as an 
air-pressure chamber to maintain a continuous stream of water. 

The piston (e) is formed from two leather cup washers secured to 
the end of the plunger rod by means of a nut. 

Water is expelled through a discharge pipe (/) which is connected 
to the uj)per or lower end of the outer casing. This discharge pipe 
has a male screw thread to which is connected one or more lengths 
of J-in. rubber-lined canvas delivery hose. A -flr-in. nozzle is fitted 
to the end of the hose which throw's a jet to a height of about 30 ft. 
Tliese pumps inii.st be held in the water when pumping and to 
facilitate operaliim are sometimes fitted with a stirrup similar to 
that employed on the emergency type hand pump. 

(b) Operation. When the piston moves upwards (Fig. 2, left) 
the fool valve (a) open.s and w^ater enters the barrel of the inner 
casing through the strainer holes (g). As the piston descends 
(Fig. 2, right) the foot valve closes, the delivery valve opens and 
water flows from the inner barrel into the outer casing. From the 

outer casing most of this water 
escapes tlirough tlie discharge 
pipe, but a certain quantity 
rises higher than the opening 
of this pipe and compresses the 
air in the upper part of the 
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Fif, I. Drawing ol a hand squirt about 
the time of the Fire of London. 
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Fig. 2. Left : section through typical hand pump showing valve positions on the 
upstroke. Right: section through typical hand pump showing valve positions 
on the downstroke. 


casing. On the reverse stroke when the inner casing is being re¬ 
charged this air expands to its original volume and forces the water 
out of the discharge pii)c, thus giving a relatively steady jet. 

(c) Mo/ntenonce and Testing. To dismantle the pump, the 
packing gland (/?) i.s unscrewed and the piston withdrawn from the 
cylinder. Access to the inlet and delivery valves is obtained by 
unscrewing the strainer box at the base of the p)ump. 

Wlien the pump has been used it should be dismantled and all 
water drained from the cylinder by ]ires.sing up) on the s|)indle of the 
delivery valve. The whole pump should be cleaned and the leather 
j)iston wa.shers well greased to ensure easy working. 

Before the pump is put away it should be tested by placing a 
finger over the discharge pipe and the piston pjrcsscd sliarpily down. 
The comjjre.s.'^iQn of the air in the cylinder should cause tlie piston 
to rise again. 

(d) Use. These p)umps are used on small fires and in particular 
on chimney fires. 

the stirrup pump 

(o) Construction. To meet the danger of the large number of 
fire.s which would be started by incendiary bombs, the Government 
decided on the pwlicy of providing in large numbers, a small hand 
pump which was simple in operation and would not break down in 
the hands of inexperienced operators. It was necessary, therefore 
to produce a pump which:— 

(i) had as few moving parts as jxissible, 

(ii) avoided incorporating any parts which would be subject 

to wear when put to continual use. 
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The factor ([governing the size of the pump is its primary use, t.e,, 
the extinction of small fires using the minimum of water. 

A standard basis has therefore been adopted (British Standard 
SjKcilication A.K.P. 'h'i) for the design of a simple pump (Fig. rj) 
foperating on the bucket and plunger principle (see part 2, page C) ) 
ill whicii there are only three moving parts (Fig. 4). 

(i) The plunger rod [a). 

(ii) A ball which forms the foot-valve (c). 

(iii) A ball which forms a non-retum valve (/) in the piston (6) 

at the base of tlie plunger rod. 

The only part of the pump which is subjected to any appreciable 
wear is the packing of the gland ( 7 ) at the top of the pump casing, 
'j'iiis packing usually consists of a piece of oiled string, and if a 
leakage occurs at this point which cannot be remedied by tightening 
the gland nut, it is only necessary to replace the packing with another 
piece of oiled string. 

The outlet at the top of the pump casing is connected to a 25 to 
30 ft. length of ^-in. bore rubber tubing at the end of which is fixed 
a dual-purpose nozzle. This nozzle is readily converted by a simple 
slide mechanism to give either a jet or a spray. In the “ jet ” 
jxisition it will throw a J-in. jet approximately 30 ft. and in the 
" spray " position a fine spray approximately 15 ft. This nozzle is, 
liowever, now being superseded by a nozzle giving a jet only. A 
stirrup is attached to the pump and when not in use the hose is 
coiled and secured by a strap. 

(b) Operation. The hose is uncoiled and the pump casing 
placed in a bucket of water or other suitable container with the 
stirrup outside on the ground. The oiierator holds the pump in 
position by placing his foot on the stirrup and proceeds to pump. To 
obtain a solid stream of water and to avoid the pulsating effect which is 
noticeable with this type of pump, it is recommended that short quick 
strokes be used instead of the long slow ones which are used when 
operating, for example, a car tyre pump. The normal rate when using 
the jet is about 70 double strokes per minute which gives a delivery of 
1 to 1J g.ji.m. and 35 strokes per minute when u.sing the spray giving 
about J g.p.m. The internal working of the pump is shown in Fig. 4. 

When the plunger rod (a) and file piston ( 6 ) attached to the 
plunger rod moves upwards (Fig. 4, left), the 
foot-valve (c) opens and water enters the 
barrel (d) through the strainer cover (e ); at 
the same time the ball valve (/) in the 
piston closes and any water above the 
piston in the working barrel flows out 
through the discharge pipe (g). On the 
do>^Tiward stroke (Fig. 4, right) the foot- 
valve (c) closes, the ball-valve (/) in the 
piston opens, and a quantity of water enters 
the upper part of the working barrel (i), 
part of which is forced into the discharge 
pipe (g), the amount being equal to the 
FI*. 3 . View of typical emer- displacement caused by the plunger 
Renqr-cype iilrrup pump. rod (a). 
l» 
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Fig. 4. Left: section through stirrup pump on upstroke showing path of water. 
Right: section through stirrup pump on downstroke showing path of water. 


(c) Maintenance and Testing. If the pump fails to deliver water 
this will generally be due to one of four causes :— 

(i) Choked strainer cover (e). 

(ii) Ball valves (c) and (/) seated in tlirough lack of use. 

(iii) Rusted ball valves (c) and (/). 

(iv) Choked nozzle. 

A dioked strainer cover can be cleared by removing the pump 
from the water and scraping away any dirt which has accumulated. 
This is a common fault where the pump is operated from dirty water, 
and care should be taken to see that all buckets used in conjunction 
with stirrup pumps are free from such articles as cigarette ends, 
leaves, etc. The ball valves sometimes become stuck to the scats 
through lack of use. This can often be remedied by turning the 
pump upside down and pushing a pin or piece of wire through the 
gauze filter. If the ball is too firmly fixed, remove strainer and lever 
up with a thin stick. If this fails to dislodge the stuck ball, the pump 
must be dismantled as described below. 

Rusted ball valves constitute the biggest failing in this type of 
pump. The balls, when made of steel, rust very quickly if the pump 
is not used at regular intervals ; with the result that the valves fail 
to operate. To remedy this it is necessary to dismantle the pump 
and scrape the steel balls w'ith a pocket-knife. The pump is dis¬ 
mantled by first unscrewing the strainer cover (c). The handle (A) 
is then removed by unscrewing the retaining nut and the plunger is 
withdrawn through the lower end of the barrel [d). It is not 
necessary to interfere with or alter the adjustment of the packing 
gland when withdrawing the plunger rod. 

Choked nozzles can be cleared by unscrewing the nozzle and 
removing any dirt which has collected behind the jet or spray " 
holes. 


Ill 
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After the pump has been examined for the above faults it should 
be subjected to a short pressure test. This will show whether the 
connections between the pump and the hose and the hose and the 
nozzle are satisfactory. Any si^ms of a leakage at these points 
should be rectified by tightening the collars or retying the wire. 
If water oozes from the gland at the top of the barrel this may be 
remedied by— 

(i) Screwing down the collar until the leak cea.ses ; or 

(ii) Replacing the [)acking with a new length of oiled cord or 

string. 

The j)urnps .should be tested at fortnightly interwils. and regular 
use is berK'fiiial. They should not be used with liquids such as 
disinhxting Iluids, creostjte ut whitewash which might set up corro¬ 
sion inside the jiurrip or perish the rubber hose. 

(d) Use. Tlioe pumps can be used to extinguish any small fire 
for whirh wiiIlm i^ suit aide. 

BUCKET MOUNTED PUMP 

(o) Construction. This type consists of a single- or double- 
acting jniin]i. titled with a siiitalde length of hose wdth nozzle, 
rigidly mounted in a metal wafer container having a capacity of 
about 2 to .'1 galltms, though larger sizes may .sometimes be found. 
The |iurnp is iisiirdly similar in general construction to the hand 
pum|) or the stirniji hand pumj) already described. The water 
container may be of copper or heavily galvanised iron. 

(b) Operation. The container is tilled with water through the 
filler hole and the pump operated in the nonnal manner, one 
man operating the piiin|), one man taking the hose and nozzle and 
one man replenishing the water as neces.sary. In the case of a small 
fire requiring only a small quantity of water, one man only can 
operate the device holding the nozzle in one hand and pumpiing 
with the other. 

(c) Maintenance and Testing. This is the .same as for the 
ap|)ropiiate type of hand pump, but the container should be cleaned 
out and dried after use to prevent the onset of rusting or corrosion. 

(d) Use. These pumijs are employed in the same manner as 
the other lypes of hand pump but are not widely used by the Fire 
Ser\dce. Their principal advantage is stability in operation with 
reduced likclihf)od of upsetting the bucket whilst at work. Their 
disadvantage is size and the fact that either the container must be 
filled at the nearest water supply and then carried where wanted, 
or water must be bnuight up in separate buckets. 

KNAPSACK TYPE PUMP 

(o) Construction. This device consists of a tank haWng a 
capacity usually of 4 to 5 gallons, which, by means of suitable straps, 
can be .slung on the back after it has been tilled. A short length of 
tubing connects the tank to a hand pump (usually single acting). 
This pump is tubular in shape and is actuated by moving an inner 
sliding tube liackwards and forA’ards, hand grips being provided 
on the two parts. A dual nozzle is provided to give a jet or spray. 
i» 
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In some models the tank is so constructed that it 
will not leak if laid horizontally. This is of im¬ 
portance if the operator must crawl in thick smoke 
when wearing the knapsack tank. 

(6) Operation. The tank is first filled with 
water from any convenient supply and then slipped 
on to the back by means of the shoulder straps. 

The pump is operated as required by means of the 
grip near the nozzle which is worked backwards 
and forwards. Pjg_ View of 

(c) Mo/ntenonce and Testing. As for other semi-iotary type 
types of hand pump, care being taken to clean out stirrup pump, 
and dry the tank after use. 

(d) Use. This type of pump is sometimes found in this country, 
but is very popular in the U.S.A. Advantages are :— 

(i) It can be used by one man only. 

(ii) The supply of water is carried with the pump. 

The di.sadvantages are :— 

(i) When the contents of the tank arc exhaus^^eri, the 
operator must stop and go back to the water siijq)ly tu rcpleni.sh 
unless the tank can be refilled on his back by a second man. 

(ii) Considerable exertion by the operator is necessary and a 
steadil}' directed jet is difTirult to obtain. 

(iii) The operator must work within close reach of the fire 
and is subjected to the full effects of heat and smoke wdiilst 
indulging in strenuous exertion. 

(iv) In some types the tank mu.st l>e kept reasonably upright 
to prevent the contents spilling, making it impossible for the 
operator to crawl with the tank on his back. 

(v) The pump cannot be oj»erated in the ))rone position and 
full advantage cannot be taken of available cover when dealing 
with incendiary bombs. 

SEMI-ROTARY PUMP 

(o) Construction. The semi-rotary pump is not used exten¬ 
sively in firefighting Imt is more generally used for punijiing liquids 
from one container into another. A few pumps of this type (Fig. 5) 
have, however, been produced as stirntp |)umps for firefighting. It 
i.s a self-priming jiump and owing to its design characteristics it is par¬ 
ticularly useful for pumping liquids where large quantities under low 
heads are involved. Tyjfical examples of such use are, as bilge pumps 
on fireboats or for extracting petrol from an underground tank. 

Tliese pumps are sturdily constructed, having a c.ast-iron body 
with metal (usually brass or bronze) clack valves, and are oi>erated 
by mo\nng a handle attached to the central spindle backwards and 
forwards. 

In the double-acting type (Fig. 6) the only moving parts are four 
clack valves and the wdngs w’hich are attached to the central spindle. 
In effect these wings act like a piston, their outer edges being ground 
50 as to make a watertight connection with the inner wall of the 
pump casing. 
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Tlie inlet at the base of the pump is screwed to take standard 
sizes nf galvanised water tubing and particular attention should be 
paid to see that an airtight connection is made when installing the 
pump. 

(b) Operothn. When the wing (Fig. 6, le/il) containing the 
clack valve (a) rises, this valve is closed while the inlet clack valve (6) 
opens and water enters the pump casing (c). On the return stroke 
(Fig. fi, right) valve (ci) of)ens, valve (6) closes and the water passes 
into the on I let chamber {d). At the same time the wing containing 
valve (e) rises, tlie other inlet valve (/) opens and water enters the 
pump casing (g). On each subsequent stroke the water in either (c) 
or (g) is expelled into the outlet chamber (d) and thence through the 
discharge jiipc (h). 

(c) Maintenance and Testing. If the pump fails to operate it is 
usually due to one of two causes. 

(i) A leak in the joint between the suction tubing and the 
pump. This should be tested before examining the interior of 
the ])uni|). 

(ii) The clack valves failing to close owing to dirt or 
corrosion. 

To di.smantle the pump it is necessary to unscrew the hexagonal 
nuts holding the face plate in pD.sition and withdraw the assembly 
from the pum|i rasing. All valves should then be examined to see 
that they bed properly and all moving parts greased. When replac¬ 
ing, care should be taken to tighten the nuts so that there is no air 
leak between the face plate and the pump casing. 

(d) Use. As previously explained, tlie.se pumps are principally 
fitted to small boats for pumping out bilge water or for pumping 
j)etrol from underground tanks. 

GENERAL 

Hand jiumps, a term w'hich wall, for this section, include stirrup 
pumps, form a valuable part of first-aid firefighting equipment. 
Their ])rincipal advantages are :— 

(i) They are light in weight, easily portable, and the person 
attackiiiir the lire has only a licht nozzle to handle. 

available they can 
be got to work 
with considerable 
speed. 

(iii) The jet can 
be maintained for as 
long as desired (un¬ 
like the chemical 
extinguisher) and 
can be turned on or 
off at will. 

(iv) Plain water 
is used as an ex¬ 
tinguishing medium 
and consequently 

IM 




(ii) Provided a supply of water is 
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FI,. 6. Section through double-acting type seml- 
rotary pump. Left: winp routing clockwise. 
Right: win^i routln£ anti-clockwise. 
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damage to goods is less than when using liquids charged with 
chemicals. 

(v) The initial cost is low, they are simple in construction 
and operation, and provided they are inspected and tested 
regularly are very free from breakdown. 

(vi) The person pumping is clear of heat and smoke. 

The disadvantages are :— 

(i) Two and preferably three people are required to operate 
them, although one person can use the stirrup type jmmp il 
adequate water supplies are available within striking distance of 
the fire. 

(ii) A supply of water in buckets must be available or 
arrangements must be made to carry a portable supply. 

(iii) The physical exertion involved in pumping for any length 
of time i.s considerable. 

In use these pumps are generally operated by a crew of three 
(see National Fire Service Drill Book), one man taking the nozzle 
and attacking the lire whilst the other two remain with the pump, 
one pumping and the otlier feeding the pump with water. These 
two change over duties as the man on the pump becomes 
fatigued. 

Hand pumps are of particular value in dealing with small hrrs of 
all types for which water is suitable, especially in their incipient 
stages. Several pumps have also been used .simultaneously under 
air raid conditions for holding larger fires in check until tlie arrival 
of the Fire Service. Tliey are of particular value in the case of 
chimney fires. When used for tliLs purjiose after access has been 
gained to the chimney proper, the nozzle is lasJied by means of the 
belt line, etc., to a broomstick or other suitable long pole and pu.shed 
up the chimney. In some localities special chimney rods, descriV)ed 
in the Chapter on " Small Gear," are carried for this purpose. 

The standard method of extinguishing cliimncy fires is outlined 
in the Chapter on " Practical Fireligliting." 

Prior to the war most ex-regular appliances were equip])ed with 
one hand pump, whilst under the emergency scheme all first line 
National Fire Service appliances carry two stirrup pumps or their 
equivalent. 

These pumps should, as far as possible, be stored away from frost 
and out of the direct rays of the sun. The former will freeze up 
the valves and working parts unless the pump has been most care¬ 
fully drained, whilst the direct sunlight has a very deleterious effect 
on the rubber of the hose. When making up stirrup pumps care 
should be taken to coil the hose neatly, avoiding kinks and sudden 
bends which might cause the rubber to take a permanent set, to 
crack or to perish. Rubber hose and canvas hose for hand pumps 
should be cared for in precisely the same way as ordinary delivery 
hose. 

TWO-MAN MANUAL PUMPS 

(o) Construction. Unlike the hand and stirrup pumps, the 
manual pumps used in firefighting vary considerably in design. 
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Several types of proprietary pumps are in use and it is beyond the 
sco[jc of this chapter to examine the working details of each. 

In general, however, all pumps have to satisfy the following 
requirements :— 

(i) They must be portable to the extent that one or two men 
can carry them to the scene of a fire. 

(ii) Tlicy should Ijo capable of throwing a jet to a distance of 
approximately 60 ft. through a J in. or ^ in. nozzle. 

(iii) They should be mounted on substantial bases so that 
they do not move about when operated. 

To lender the pump more compact and portable, in most models 
the two handles can be dLsconnected from the pump or are in the 
form of extending rods which are pushed in when the pump is 
stored. The ba.se of the pump is usually constructed in much the 
same way (Fig. 7). 

Double acting puin ps with asinglepistonorsingle-acting pumps with 
twin pistons arc employed, the water inlets and outlets in both cases 
being controlled by clack valves. Some manufacturers incorporate 
an air pres.sure diamber in tlic outlet to ensure an even flow of water, 
and. if a pressure gauge is included it is usually fixed to this chamber. 

Access to the plungers and clack valves is obtained by unscrewing 
the removable face plate.s forming [)art of the cylinders. 

The slaiulard equipment includes one length of IJ in. armoured 
suction having IJ in. " V ” thread couplings with metal strainer 
and female coupling. A in. female instantaneous coupling on the 
delivery connects to 75 ft. lengths of IJ in. canvas or duck-covered 
rubber delivery hose. The branch is fitted with either a i in. or Jk in. 
nozzle. 

(b) Operation. The pump is carried to the nearest available 
water sujiply. This should be of at least lUO gallons capacity, and 
arrangements must be made to replenish it as and when water is used. 
Canvas dams with sclf-siiimporting walls are also issued for use with 
these pumps, tlie dam being fed by buckets a.s required. When the 

pump is in position the 
pumping handles and 
base ore extended and 
the delivery and suc¬ 
tion hose connected. 
Care must be taken to 
ensure that there is no 
air leak at the inlet to 
the pump and that the 
strainer is well below 
the surface, or it will 
fail to lift water. 

These pumps are of 
the self-priming type 
and after a few strokes 
vrith the handles, water 
should be observed 
Fig. 7. View of two-man manual. passing through the 
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Fi^. B. Lefc : section through two-man manual, first stroke. Right section 
ihrough two-man manual, second stroke. 

delivery hose. Puinjiing should continue at approximately GO 
strokes per minute. 

When operating; at this speed with a vertiral suction lift of 10 ft. 
the pump is capable of providini' thrf)u^di 75 ft. of IJ in. unlincd 
canvas delivery hose and a J in. nozzle a lire stream at 10 lbs. per 
sq. in. pre.ssure. Tlirou[,di two 75-ft. lengths of 1J in. unlincd canva.s 
delivery hose, two J in. lire .streams can be |)rovided at a pre.s.sure of 
30 lb, per sq. in. The use of long lines of delivery hose with this 
type of pump is not advisable, as a considerable quantity of water is 
required to charge the hose, and frictional resistance increases 
proportionately. 

The internal working of the pump is .shown in Fig. 8. 

On the first .stroke (Fig. 8, left) as the piston (a) moves away from 
the crank-chamber (m) the inlet valve (/*) opens and water is drawn 
in through the suction inlet (?;), the outlet valve (/) remaining 
closed. At the same time w’ater is forced by the piston through 
the outlet valve (if) to the delivery (g), the inlet valve (c) remaining 
closed. 

On the second stroke (Fig. 0, right) the action of the various parts 
is reversed, water being drawm in through the inlet valve (c) and 
discharged through the outlet valve (/). The crank-chamber (w) 
remains charged with water throughout both operations, the crank¬ 
shaft (j) being fitted with a stuffing box gland to prevent leakage. 

The function of the air-pressure chamber (^) is to maintain an 
even flow of water from the delivery, thus giving a steady jet. The 
water entering through the outlet valves rises in the chamber and 
compresses the air which, in attempting to expand to its original 
volume, drives the water out through the delivery in a steady stream 
which is unaffected by the pulsation caused by the reciprocating 
movement of the piston. 

The following equipment is generally supplied with each two-man 
manual:— 
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1 10-ft. length of suction hose. 

1 copner suction strainer. 

2 76-ft. lengths of Ij-in. unlined canvas hose with 2i-in. 

in.stanLaneous couplings. 

2 branches with J-in. nozzles. 

1 dividing breeching. 

1 canvas Jam. 

20 canvas buckets. 

(c) Maintenance and Testing. Two-man manual pumps should be 
tested at intervals of aliout one month. All worlang parts should 
be thoroughly greased and suction and delivery hose examined for 
any holes. 

Failure to obtain water is due to either :— 

(i) Faulty suction hose ; 

(ii) Choked strainer ; 

(iii) I»osc 1‘Jiincction at suction inlet; 

(iv) Clack valves not operating. 

If the suction hose Ls in order and the strainer clean, the clack 
valves should be e.xainiiicd by removing the face plates and clearing 
away any dirt which might i)e preventing the valves from opening 
or closing properly. To prevent rusting, the valves and pistons 
should be coated with grease each time the face plates are removed. 
Hotli suction and delivery hose should be maintained as laid down 
in Chanter 4. 

(d) Use. These jiumps are used for fighting fires which are too 
large for hand pumps and yet do not recjiiire a power-driven pump. 
Factory,institution, street and rural fire parties use them extensively. 

Although the term two-inaii niniiual is used to denote this type 
of pump, a crew of five is required, allocated as follows : one man 
on the branch, two punijiing and two to act as reliefs and water 
carriers. The drill for this tyi^e of pump Ls given in the National 
Fire Ser\’ice Drill D(X)k (Drill Crews sliould be given regular 

practice, and it must be reincnibered that with this as with all other 
types of pump, fires are extinguished most quickly when the jet is 
directed into the seat of the lire from as short a distance and with 
as much force as possible. 
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PORTABLE CHEMICAL FIRE 
EXTINGUISHERS 

P ORTABLE chemical extinguishers are essentially hrst-aid lire- 
fighting appliances for use only on fires of certain types when 
caught in their incipient stages. They are generally sufficiently 
small and light in weight to be carried readily by hand, and are 
then known as hand extinguishers. Larger models of certain 
types, known as chemical engines, may be mounted on a simple 
Iwo-whceled chassis which is moved by hand to the fire. In the 
latter case a length of hf)se i.s usually employed to extend the avail¬ 
able range of tlie appliance. The princii)ies of wf)rking and the 
advantages and cli.sadvantages of the chemical engine arc prec isely 
the same as for the corre.sponding type of hand e.xlinguishcr. 


HAND CHEMICAL EXTINGUISHERS 

There are a number of different types of extinguishers in common 
use : the.se may he listed a.s 

1. Extinguishers which exj)el water or dilute chemical 
solutions. 

2. Foam extinguishers. 

3. Extinguishers w^hich expel vapour-forming liquids, or 
ga.scs. 

4. Dry ix)wder extinguishers. 

5. Emiil.sions. 

I. EXTINGUISHERS WHICH EXPEL WATER OR DILUTE 

CHEMICAL SOLUTIONS 

(o) Soda-acid. Far the most common and the oldest form of 
chemical extinguisher is the soda-acid type, which is widely 
in.sta]led by householders and in factories, business premises and 
other public buildings. This extinguisher consists essentially of a 
cylindrical or conical container w'hich is normally filled to somewhere 
in the neighbourhood of two-thirds of its capacity with water. 
This w'atcr is ejected on to the fire by the pres.sure of a gas generated 
by a chemical action set up by allowing a charge of acid to react with 
a carbonate or bicarl>onate which has previously been dissolved in the 
water. The gas thus generated exerts a downward force on the sur¬ 
face of the liquid and drives it out of the extinguisher through a 
nozzle which is directed by the operator at the fire. Sodium bicarbo¬ 
nate and sulphuric acid are the two chemicals normally used for 
generating the gaseous carbon dioxide, which is almost universally 
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used as the expelling medium. The reaction takes place according 
to the equation:— 

2NalICO, + H,S 04 = Na*SO, + 2H,0 + 2CO, 

(Sodium bicarbonate) + (Sulphuric add) " fSodium + (Water) + (Carbon 

sulphate) dioxide) 

In practice a considerable excess of sodium bicarbonate is used, 
to obviate tlie possibility of any free acid being discharged and 
damaging the material on which the liquid falls. Wliere, for a 
particular risk, su!j)liate-imi)regnated water is not desirable, an 
organic ncirl may be substituted, but owing to this type of acid 
being less reactive, larger volumes are required and modifications 
to the acid-containing arrangements in the extinguisher may be 
necessary. 

It should be emplirtsised that although carbon dioxide is produced 
in considerable volume by the 0 (x;ratioii of this extinguisher it is 
the water which furnis the extinguishing medium. Relatively the 
nozzle is so small, the quantity of CO^ so slight, and the distance 
from the lire at which the extinguisher is operated so great, that 
e.\cej)t in rare instances, the carbon dioxide plays no part in 
the e.xtinction of the fire. 

The Ihilisli Standards Institution have framed a specification 
(No. KlSj tie! ailing certain minimum requirements in this type of 
extinguisher, and all the better known manufacturing firms adhere 
to Ihis specilirrition, although there i.s no legal obligation to do so. 
The Fire Offices* Cominittet^ tests and approves extinguishers of 
this and other type.s. Certification that an extinguisher complies 
with either of these requirements assures the purchaser of a certain 
minimum perfoniiance. A brief summary of the British Standards 
Iiisiitutiun Specification is Jis follow's :— 

Tlu; form of nozzle, and the area of the orifice must be such that 
the conteiUs are jirojected to a distance of not less than 20 ft. for 
the minimum period, and discharge must be completed in tlie 
maximum period shown below :— 


Cafucity 

Minimiim P^od 

MaximiuD PDriod 

1 gallon 

40 secs. 

80 secs. 

2 gallons 

60 secs. 

120 secs. 

3 gallons 

70 secs. 

140 secs. 


Tlic required liquid level must be jiennanently indicated, and the 
air volume above the liquid level must be not less than 5 per cent, 
of the total volume. When the extinguisher is actuated at 
U)0° F. and the outlet temporarily dosed, the pressure must not 
rise higher than 2iXl ll)s. |>cr sq. in. 

The charge shall consist of:— 

(ii) carbonate and/or bicarbonate in solution of such strength 
that no precipitation of solids shall take place at 60° F., and 

(h) an acid (in a bottle) in such proportions that when 
brought togctlier the resulting solution is alkaline. 
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Extinguishers must, when new, be ca;^ble of withstanding an 
internal pressure test of 350 lbs. per sq. in, for 5 minutes without 
leakage or visible distortion and must have been tested by the 
manufacturer at this pressure for at least 2j minutes. 

Every extinguisher must be clearly labelled in a permanent 
manner with certain details as to the name of the maker, capacity, 
year of manufacture, etc. 

The discharge tube (or the nozzle in turn-over types) must also be 
so arranged that not less tliaii 95 per cent, of the contents are 
discharged. 

In normal use tlie maxiniiim pressure generated will iu»t iwceerl 
lOO lbs. per Sfj. in., wlieii ehurges pirpan’d by the makers are eiii- 
])loyed. Jf llii‘ eJeiTges are maile u]^ from ihe idual ( lieiniL'als 
liy iui‘inl)ers uf tin- Servii e. it is e>senlial In eiiMiir lUit only the 
correi t jJii.p 'rliniis are ii-ed. Any iiuTcase in llie aeiil eJeirge will 
eauM- :i j)resMii' l i-r. 

rhere are a Tiuml)er of different types of stida-acicl extinguisher. 
The ilifference between each type depends on the means enipli^yeil 
to bring the acid anrl the main charge into contact, and thev may 
l)c divided into two grnups :— 

(i) Tho.se which are operated in their normal upright or 
nearly upright position, and 

(ii) those wliich are inverted to initiate the action and which 
are operated in this position. 

(i) Soda-acid Iixtiuguishers operated in an Upright Positiofi 
A. Conical 1'ypk with Plunger on Iop. ()ne of the most 
common types (Tig. 1, left) is conical in shape with a nozzle (li) near 
the top. Inside the boily is a discliarge tube (b) wliicli runs almo.st 
to the bottom and is fitted at its lower end witli a strainer (c) to 
prevent small particles of gla.ss or of precipitated bicarbonate 
clogging up the discliarge tube or nozzle. At tlie tu]i is a brass 


Fig. I. 



Sections through conical type soda-acid extinguishers : Left : with 
plunger at apex. KIght: with plunger at base. 


casting with a knob or plunger (d) in the centre. On unscrewing the 
casting a cage (e) will he found holding a glass phial (/) containing 
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the sulphuric acid charge. The body of the extinguisher contains 
the water with bicarbonate in solution. Striking the plunger breaks 
the phial and allows the acid to escape and thus set up the necessary 
chemical reaction. 

B. Conical Type with Plunger at Base. Almost equally 
common is the conical type (Fig. 1, right) which has a plunger at the 
bottom in.stead of the top, which is struck either on the ground or 
by hand to actuate the extinguisher. 

C. Cylindrical Type with Plunger on Top. In this type 
(Fig. 2, left) the body is cylindrical but otherwise the general arrange¬ 
ment is similar to that of type A. 

1). Cyi.indrical Type with Hammer at Side. In this type 
(Fig. 2, right) the body (a) is cylindrical, but the phial (6) is broken 




Fig. 2. Sections through cylindrical type soda-acid extinguishers. Left ; with 
plunger at cop. Right : with hammer at side. 


by a hammer (r) located on the side of the container and secured in 
position by a split pin (d) to prevent accidental movement of the 
hammer. The pliial is of a special shape and rests in a breaking 
ring (p). The hammer is so located that its impact on the side of the 
extinguisher sets up sufficient vibration in the breaking ring to 
fracture the glass phial, thus releasing the acid. 

E. Tilting Bottle Type. In a further cylindrical type (Fig. 3) 
the knob (a), to which a lead stopper (b) is attached, is raised to 
actuate tlie extinguisher. This allows the acid bottle (c) which is 
eccentrically pivoted (<i) to overturn and release the acid into the 
bicarlK>nate solution. 

Nozzles and Discharge Cocks. In types A and B, and some¬ 
times in C, the nozzle usually forms part of the main body of the 
extinguisher, whilst in types D and £ a short length of flexible 
tubing is usually employed with a nozzle at the end. In older 
models of these latter types, a cock may be fitted just above the 
point where the discharge tube leaves the body. The use of this 
cock has been discontinued under British Standard Specification 
No. 138 as it may easily seize given regular and skilled 
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inspection. If it seizes in the 
dosed position dangerous internal 
pressures may easily be built up 
if the extinguisher is old and in 
poor condition. The original inten¬ 
tion of this cock was to prevent 
overflow and to shut off the jet to 
prevent excessive water damage, 
etc. A number of extinguishers 
carried on Fire Service appliances 
are still fitted with such a cock 
since the same objections do not 
apply where equipment is subjected 
to frequent and careful inspection 
and testing. 



Fi{. 3. Section through tilting 
bottle type soda-acid extinguisher. 


Precautions against Losses due to Expansion. When an 
extinguisher, fitted with a discharge tube, is left staiuliug fully 
charged, an increase in the temperature of the room causes the fluiil 
and the air to expand inside the container. Under ordinary cirriiin- 
stances, the expansion would force some of the fluid up tlircuigh the 
discharge tube and out through the nozzle. The solution then 
collects in a small globule at the end of the nozzle. The water 
evaporates and leaves bicarbonate of ^oda in solid form in the orifice 
of the nozzle. If this process continued, the nozzle would eventually 
become solidly blocked and would render the extinguisher ineffective. 

To prevent this, one or other, or even in some cases all, of tliree 
safeguards have been provided in certain of these tyjxjs. 

1. At the point where the discharge tube leaves the cylinder or 
internally above the liquid level, an expansion chamber forming part 
of the discharge tube is provided. This is clearly sliown in Fig. 1, 
right, and in Fig. 2, right. This gives additional space to be occupied 
by the fluid on expansion. 

2. Within the union which connects the rubber hose to the 


extinguisher (Fig. 2, right) a diaphragm of thin rubber mounted 
on a washer is inserted. This rubber diaphragm is capable of 
withstanding the slight increase in pressure caused by expan¬ 
sion, but is easily ruptured by the pressure generated when the 
extinguisher is brought into operation. 

3. Other types employ what is known 
as a snifter valve. Thb is a valve (Fig. 1, 
left, and Fig. 2, left) which communicates 
from the atmosphere with the air space 
in the extinguisher and permits the very 



small quantity of air to escape when the 
internal pressure rises slightly. A ball 
or a rubber composition disc (Fig. 4), 
which may be grooved, rests lightly on 
an orifice connecting with the body of 
the extinguisher and allows the air to 
seep past and away to atmosphere. 


doUrd linr ihoiirB 
poiilion of b«ll i 
ditc «hvn miinguishpr 
IB uprriled 


disc 


Fig. 4. Left : leccion through 
bill-type snifter vilve. 
Right : section through disc- 
type snifter vilve. 
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When the extinguisher is operated, the high internal pressure lifts 
the ball or disc firmly against a seating which completely seals the 
outlet. 

(ii) Turn-ovgf Types of Soda-acid Extinguisher. The three 
remaining types of extinguisher operate on a different principle. 
They are inverted to initiate the action and operated in this position. 

A. Opkn Hottle Type with Lead Stopper. In this type 
(Fig. Ti. lift) there is no striking mechanism. The body [a] is 
cylindriV.al and the acid is ermtained in an open vessel (6) with a lead 
stopper (c) nn lop. (f-eacl is rc.sislant to attack by sulphuric acid.) 
When the t*xtlnglli^he^ is turned upside down the lead weight falls 
aw:iy and the m id mixes with the bicarbonate solution. The gas 
rises towii.il was thehottoin (now at the top) and forces the liquid out 
thrf)ugh the iio/zle, whir h is now at the bottom. 

_ noiiVr ' — IL SEALED BoTTLE 

stf-iner TYVE WITH SLIDING 

^ ll I Lead Weight. This 

*’(b) I " J acid phi4i 1”^ 1 conical type 

cage.-/ 1 '"'h in which 

I a sealed bottle or phial 

„ 1 nf tidil is sliattercd by 

iiidmg in I 1 I a Icurl Weight which 

K. . I U I slides along an inner 

I I tube wlicii the extin- 
y I I gui.sher is inverted. 

^ ^ L J As in r)thcr " hreak- 

J ^bottle''type5a 

Fij. 5. Sections through turn-over type soda- strainer is fitted to 

acid extinguishers. Left: with lead stopper. |.rrvpnt fr'iements 

Right : with siiding lead weight. iragmeiltS 

blocking tlic nozzle. 

C. Titkn-over Type with Plunger. I his type differs from the 
other tuni-nver ty]M*s in tliat it is tiperaled by first turning upside 
clown and then driving in a plunger whirli :diatters a glass phial. 


acid extinguishers. Left : with lead stopper. 
Right : with sliding lead weight. 


It slionhl he nu 
snifter valve as th 


qas psCdping 
wilhoul driving 
pul thr walpr 


Fig. 6. Diagram show¬ 
ing how gas escapes 
without driving out 
the concents when 
in extinguisher is 
reversed from Its 
opentlng position. 

|4« 


(eil that the turn-over types do not require a 
ey are not fitttMl with a diseliargc tube. Any 
pressure which might be built up tlirough tem¬ 
perature changes escapes inimeiiiately to atmo- 
sphi-re through the nozzle. 

Ihe importance of correctly identifying the 
method of working these extingui.shers needs no 
enipliasis. If a type oj’ieratod in the upright 
position is inadvertently used in the tum-over 
position the gas prc.ssure will escape through the 
discharge tube leaving the liquid contents be¬ 
hind (Fig. 6), whilst if a turn-over type is 
brought into o}K.Tatiou and then relumed to 
its nomial upright position the CO, will be 
ejected through the nozzle and the liquid, 
having no pressure behind it to drive it out, 
will remain in tlie extinguisher. 
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When it is certain that a fire has been extinguished and it is 
desired to obviate any further water damage by the continued 
discharge of the extinguisher, the latter may be reversed from its 
operating position, when the gas will escape without driving out 
the contents. It must be appreciated that once the gas has been 
discharged in this way, however much of the contents remain 
undischarged, the extinguisher is useless for further lirefighting 
until it is recharged. 

Recharging. Soda-acid extinguishers should be rechargeil as soon 
as jwssible after use. Whilst the different types vary considerably, 
recharging should be carried out as far as possible in the following 
order :— 

(i) Unscrew and remove the head. In carrying out this 
operation, keep the head of the extinguisher away from the 
operator. It is possible the container may still be under pressure 
and il the head is detached under these conditions it is likely to 
be blown off the extinguisher with some force and may cause 
injury to the o])erator. 

Most fire extinguishers having removable heads have r. safety 
device in the form of several holes drilled in the side of the head 
through the screw thread. As the cap is unscrewed these holes 
communicate with the interior of the container and any residual 
gas pressure discharges through them whilst the head is still held 
in position by the threads. These holes arc not infrequently choked 
either with dirt or metal ^xilish and care should be taken at the 
regular inspection to ensure that they are cleaned and capable 
of fulfilling their function. 

(ii) Withdraw the cage or other bottle holder if thLs is 
detachable. 

(hi) Thoroughly wash out the container, removing any pieces 
of solid matter, broken glass, etc., which may be found in it. 

(iv) Measure out the chemicals required, or, where ready 
made-up charges are employed, open tlie tin containing the 
recharging chemicals. Great care should be taken in handling 
the sulphuric acid phial or bottle. In those fitted with a .seal at 
the top this is very thin, and the slightest abrasion will break the 
seal and allow the acid to escape, rendering the charge useless. 

(v) Thoroughly mix the bicarbonate of soda with a quantity 
of warm water in a clean bucket. The water must not be hot as 
this tends to break down the bicarbonate. Pour this solution into 
the body of the extinguisher and fill up to the correct level with 
cold water. On no account should the extinguisher be over-filled 
as this reduces the expansion space above the liquid and may set 
up dangerous pressure when it is actuated. 

(vi) If a rubber seal is fitted at the top of the discharge tube, 
disconnect the rubber hose at the union and remove the old 
rubber diaphragm. Blow down the discharge tube ; this causes 
bubbles to pass through the solution in the cylinder and gives 
assurance that the discharge tube is not obstructed. Blow down 
the rubber hose to ensure that this is clear. Insert new rubber 
diaphragm in union and attach the rubber hose to the extin- 
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guisher. The nozzle, hose and discharge tube should always be care¬ 
fully examined to sec that they are perfectly free from obstruction. 

(vii) If a j)Iimgcr is used see that it works freely. Grease 
very liglitly. 

(viii) Insert the bottle of sulphuric acid in the carrier, making 
sure that it is the right way up, then place in the extinguisher. 

(ix) Slightly grease the threads on the top of the container, 
but be careful that grease does not reach the gasket which makes 
the gaslight joint. This may otherwise rot in course of time and 
blow out when the extinguisher is put to work. Then screw head 
down tightly. 

(x) If a hammer is employed, secure it by the pin. 

(xi) Untler no circumstances make any variation in the 
propcjrtions of the charge. 

Testing. All extinguisliers of this type are to be opened up for 
ins|XJction quarterly, and tested by discharge annually, from the 
date on which tljcy were last tested or were used at a fire. 

All extinguishers are lead-coated internally to resist corrosion, 
but, despite this, electrolytic action may at times take place. 
Regular pressure testing is therefore essential to detect incipient 
weakness and every two years each extinguisher should be subjected 
to a pres.sure test of 3150 lbs. i>er sq. in. 

Frost Danger, On no account should extinguishers containing 
water and bicarbonate be exposed to temperatures lower than 40° F., 
as the biciirbnnnte in solution will tend to precipitate at from 36“ 
to 38° F. Lower tcmj)cratures also, may produce a noticeable 
retardation af action even though precipitation is not evident. The 
best temperature for oiieration is around 60° F. The addition of non- 
freezing comjKiunds, such as calcium chloride or common salt, to 
the contents should in no circumst«mces be allowed. Extinguishers 
have frequently been rendered inoperative and fatalities have 
occurred as the result of extinguishers, which have corroded due 
to .such treatment, bursting when brought into operation. 

Use. Soda-acid extinguishers (of all types) should not be used 
on any fire where there is risk of the jet coming into contact with 
live electric wiring. The jet is a conductor, due in large measure 
to the chemical contents of the >vater. Neither should they be 
used for fires involving burning oils, spirits or highly inflammable 
liquids, as the jet wall splash and spread the fire and the burning 
liquid will float on top of the extinguishing medium. 

When using a soda-acid extinguisher wait until you are as near 
to the tire as possible before actuating it. Direct the jet on to the 
burning material in the heart of the hi^, disregarding the flames and 
the smoke. 

Advantages and Disadvantages. 

The advantages of the soda-add type extinguisher are :— 

(i) For first attack on a fire it is often the most readily 
accessible fire-fighting appliance. 

(ii) Only one person is needed to work it. 

(iii) When kept in good working order it is reliable. 
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(iv) It is sdf-contained, having a capacity sufficient to deal 
with minor outbreaks. 

(v) It IS almosr instantaneous in action. 

(vi) It has only one moving part. 

(vii) The length of the stream may be expected to reach 
30 to 40 ft., but there i.s every advantage in using the stream at 
a shorter distance, where possible. 

The disadvantages are :— 

(i) I'rom point of view of the I'ire Service, once the action 
is initiated the extinguisher must be completely discharged before 
being relilled. 

(ii) As tlie liquid discharged is a ruiidiictor of electricity, 
it should not be directed on to live eJectricaJ api)aratus. 

(hi) As with any appliance u.sing water, it requires j^rotec- 
tion against freezing; at low temperatures the cliemital reaction 
may develop slowly. 

(iv) The liquid ejected contains a chemical (sodium sulphate). 
Clothing and fabrics may in some cases be affected by the liquid. 

(v) Certain types of tire, c.g., those below floorboards, etc., 
cannot be tackled successfully with an extingiiislier wl icli w'ill 
not operate in the inverted po.sition unless lilted wath a siiilicient 
haigtli of hose. 

(b) Compressed Gas Cartridge Type Extinguisher, Certain of the 
drawbacks inherent in the soda-acid extinguisher have been 
overcome by emjiloying an outer container (Fig. 7) of very similar 
construction, liolding api)roximately 2 gallons of water, but in lieu 
of generating the gas used to expel the contents by chemical action, 
it is released from an inner container (a) in 
which it is stored inside the body of the 
extinguislier in a highly compressed state. 

There is some variation in the pressure at 
wliich gas is stored in the cartridge or inner 
container but the pressures employed are 
normally in tiie region of several hundred 
lbs. per sq. in. The general construction of 
the outer container is ver}^ similar to lliat of 
the soda-acid extinguisher, it has an expansion 
space at the surface of the liquid and a dis¬ 
charge tube (ft). The cartridge (a) is normally 
made of copper (to resist corrosion) tested to 
high pressure with a small sealing disc (c) at 
the top which is pierced when the extin¬ 
guisher is actuated, by means of a pointed 
striker (d), at the lower end of the plunger (c). 

The appearance of the extinguisher is very 
similar to that of the ordinary soda-acid typ^. The knob is protected 
from accidental operation by a loosely fltdng cap which is removed 


plungrr' 
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Ml carlrldge- 
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Fi|. 7. Section through 
compressed gu cart¬ 
ridge type extinguisher. 


to strike the knob. 

The cartridge may contain CO„ nitrogen, or other suitable inert 
gas. \Vlien the disc is pierced, the gas contained in the capsule is 
released into the body of the extinguisher, driving the liquid contents 

147 



POKTABIJI CHIHICAL PIM IXTINOUItHni 


PART 


out through the discharge tube. The principal advantages claimed 
for this tyi>e are ;— 

(i) The expelled fluid may consist of pure water only, thus 
avoiding |K)Ssible damage such as is caused by the chemically 
charged water discharged by a soda-acid extinguisher. 

(ii) Other liquids may, however, be used to deal with special 
types of risk. 

(iii) Certain models can be rapidly recharged. The cap is fitted 
with a hand-wheel which enables it to be rapidly unscrewed. The 
old cartridL;e ran be removed, the container refilled and a fresh car¬ 
tridge of gas dropped into place. Immediately the cap is screwed 
down the extinguisher can l^e put to work again. For some makes 
it is claimed that this operation can be canied out in 30 seconds. 
If the first charge has failed, however, it is probable that the fire 
is l)ey<'nd the rapacity of 2 gallons of water and even 30 seconds 
delay is serious ; tlie secruid charge will probably be less effective. 

(iv) IVoviding a non-cnrrosiv'e chemical is employed there 
.should be no oljjection to the employment of charges which would 
prevent freezing in cold weatlier. 

(v) As the gas is released mechanically, low temp)eratures do 
not retard (lie aclion as in the case of the sorla-acid extinguisher, 
which is very slow when Ihe temperature falls to 40“ F. 

(vi) In certain inakes of this tyj^e r)f extinguisher the cart¬ 
ridge may. with simple apparatus, be filled by the owner and a 
new di.se sealed intf) iiosition. 

The disadvantages of this type are :— 

(i) It is imixissible to be certain that the capsule is fully 
charged and free from leaks. 

(ii) It cannot normally be exposed in positions liable to 
freezing unle.ss a sjwcial charge is eniidoyed. 

As this extinguisher is not wddely used by the Fire Service no 
standard test is sfiecified. 

Another t>’pe of compressed gas cartridge extinguisher in which 
the gas is contained in a capsule in liquid state under liigh pressure 
is also in use. It is ]iroposecl to deal with this appliance more fully 
in any revision i»f this part of the Manuaf. 

2. FOAM EXTINGUISHERS 

The hand ty]ie foam extinguisher normally ha-s a capacity of not 
less than one. nr intne than two gallons. 

British Standard Specification No. 740 details the materials and 
the thicknesses which are to be used for construction. The form 
and size of the nozzle must be sudi that when actuated the extin¬ 
guisher is ciipable of throwing a jet of not less than 20 ft. for the 
minimum time and the whole of the expellable foam shall be ejected 
within the maximum times shown below ;— 

Capacity I Mininmin l^riod I Maaimuni Puiod 


1 gallon 20 secs. 60 secs. 

2 gallons 30 secs. 90 secs. 
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The foam is produced by the reaction of two chemical solutions 
which are stored in concentric compartments within the oontainer. 
This reaction takes place according to the following formula :— 

A 1 ,(S 04 ), + 6NaHCO, = 2Al(OH)a + 3 Na.S 04 + 6CO,. 

(Aluminium + (Sodium ^ l^umiuium + (Sodium (Curbmi 

lulpLate) bicarbonate) nydroaide) lulpbate) dioalda) 

The level of the solution in the outer comp>artment must be 
permanently indicated outside and there must be an air space in 
the outer compartment above the required liquid of not less than 
5 per cent, of the total volume. As in the soda-acid extinguisher, 
the outer compartment is of sheet metal, either cylindrical or 
conical, lead coated inside to prevent corrosion, and is tested 
to 350 lbs. per sq. in. for at least minutes without visible dis¬ 
tortion or leakage. The inner compartment holds a liquid which 
when mixed with the contents of the outer compartment sets up 
the chemical action which produces foam and discharges it through 
the nozzle. 

The solution in the inner compartment is generally alununium 
sulphate (approximately 13 per cent.) dissolved in water, whilst the 
other solution is about 8 per cent. bic;irbonate of soda together with 
about 3 per cent, of a stabiliser such os sajxjiiinc, liquorice or turkey- 
red oil, also dissolved in water. When made up charges for these 
extinguishers are supjjlied, the exact composition is retained as 
a trade secret Ijy the manufacturer, each of whom has his own 
formula. A derailed description of foam, its constitution and 
formation, wall be found in Chapter 10. 

Foam extingui.shers are invariably actuated by turning up.side 
down, and are operated in that ])osition. Foam extinguishers fall 
into three main groups :— 

(а) Those in which the action is initiated by simply inverting 
the extinguislier. 

(б) Tho.se in which an additional seal is provided which must 
be unlocked before the extinguisher is inverted to operate. 

(c) Those in which a break-bottle or break-.seal mechanism 
is included, whicli must lir.st l>e operated. 

(o) Turn-over Type. In the simplest turn-over tyj^e (Fig. 8, 
right) the inner compartment (a) has at the to]) a series of port¬ 
holes (6) ; when the extinguisher is inverted the two solutions mix, 
the chemical action is initiated and foam is discharged through the 
nozzle (c). 

(b) 8a/onet Seal Type. When foam extinguishers are to be 
carried uj)on vehicles the vibration of whicli would cause the contents 
of the inner compartment to spill, or w'hen it is necessary to reduce 
to a minimum the possibility of evaporation of the contents, a 
sealing arrangement is employed (Fig. 8, left). This, in most 
instances, embodies two valves, one of which (a) seats upon a 
shoulder on the inner compartment just below the portholes (6) and 
closes it, wliilst the other {c) seals the small outlet space in the cap. 
In this way the accidental mixing of the solutions is prevented and 
the passage to the nozzle closed. The .sealed type of extinguisher is 
brought into operation either by operating a lever or by a half-turn 
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Fif.B. Sections through foam extinguishers. Left: bayonet seal turn-over 
type. Right : turn-over type without seal. 

of a handle, before inverting. In .some models the discharge nozzle 
forms part of the compartment whilst in others the " T '"-shaped 
handle ha.s one hollow arm terminating in a nozzle. 

(c) Plunger Type. In this type the inner compartment is sealed 
by means of a mica disc and strike knob mechanism is provided 
in the head. To actuate, the knob is struck, thus puncturing the 
disc, and the extinguisher is inverted. The nozzle forms part of 
the Ixxly and is nut sealed, thus allowing the extinguisher to 
“ breathe " with variations in temperature. 

Recharging. Foam extinguishers which have been discharged 
should be recharged as s(»on as possible and this should be carried 
out in the following manner :— 

(i) Remove the head by unscrewing. 

(ii) Fxtract the inner compartment. 

(iii) Thoroughly wash all p;irts, removing any solid matter 
which may be found. 

(iv) Thoroughly dissolve the powders supplied in separate 
clean buckets, and according to the directions on the tins. 

(v) Pour the main volume of liquid into the outer 
compartment. 

(vi) Pour the aluminium sulphate solution into the innei 
compartment while it is still removed from the extinguisher. 
Any of the liquid which has been spilled on the outside of this 
compartment should be wiped off, and the compartment should 
not he tilled to the brim. 

(vii) Carefully insert the inner compartment into the 
extinguisher. 

(viii) If a sealed type is employed, withdraw the plunger to 
the oi>en position. 

(ix) Blow through the nozzle to make sure that this is not 
obstructeti. 

(x) Slightly grease the threads (the same remarks apply on 
this subject ils were made for the soda-acid t 3 pe) and screw cap 
down tightly. 

(xi) ^cuie plunger (if htted] in closed position. 

liO 
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Testing. Foam extinguishers are to be opened up and the liquids 
stirred once a month. Care must be taken not to use the same stick 
for stirring both solutions. A wooden stick should always be used 
in order to prevent damage to the lead coating of the extinguisher. 
Solutions should not be poured into separate containers for stirring, 
as this leads to wastage and there is a tendency to top up with 
water and thus alter the strengths of the solution.s. 

Extingui.shers in the National Fire Service at the time of publica¬ 
tion of the Manual are to oe tested by discliarge annually, the 
period dating from the last discharge, whether at a fire or for pur¬ 
poses of test. They must be subjected to a pressure test of 3(Xt lbs. 
per sq. in. every two years. 

Use. Foam extinguishers are used principally to attack fires in 
burning liquids, etc., which they extinguish by the blanketing action 
of the foam layer. 

Wlien the burning liquid is contained in a tank the jet must not 
lx? allowed to strike the liquid but must be directed on to the side 
of the tank so that it flows down into the burning liquid without 
stirring it up. If the burning liquid is flowing freely on the ground 
the jet should not be allowed to strike obliquely as this would stir 
the surface liquid into motion and expose more liquid to the air. 
The extinguisher should be kept at such a range that the foam falls 
vertically on the liquid. 

Advantages and Disadvantages. The foam extinguisher has many 
advantages in common with the soda-acid type, in addition :— 

(i) It coats the burning surface of the substance and 
excludes oxygen. 

(ii) It has considerable heat-resisting qualities as an insulator 
and serves to prevent re-ignition. 

(iii) It is not affected by draughts. 

(iv) It floats on liquids. 

Its principal disadvantages are that:— 

(i) Foam mixes with certain liquids and renders them 
unusable. 

(ii) It is not effective on fires in certain tyj)es of liquids. 

3. EXTINGUISHERS WHICH EXPEL VAPOUR-FORMING 

LIQUIDS, OR GASES 

It has been explained in Chapters 1 and 2 that one of the methods 
employed in extinguishing fire consists of asphyxiating the flames 
by diluting the atmosphere with a suitable chemical and thus 
excluding oxygen in the quantities required to maintain combustion. 
This exclusion of oxygen may be effected either mechanically or by 
a blanket of vapour which will not support combustion. It is not 
necessary to create an atmosphere which consists solely of a gaseous 
extinguishing medium in order to prevent combustion. There is 
for each extinguishing medium a certain propcjrtion in air which will 
procure extinction. This proportion is known os the " inliibitory 
factor." Thus the inhibitory factor for carbon tetracliloride. for 
example, is 15 j>er cent.—that is to say that if a fire can be sur¬ 
rounded with an atmosphere containing 15 p>er cent, or more of 
carbon tetrachloride it ^ill be extinguished. 
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The properties of many substances have been examined to con¬ 
sider their suitability for use in extinguishers. The most satisfac¬ 
tory of these have been found to ^ (^i) carbon tetrachloride ; 
(6) methyl bromide; and (c) carbon dioxide. The physical pro¬ 
perties of the.se substances, and hence their suitability as extinguLsh- 
ing media, can be compared in Table I below (the same properties 
for water are also given as a standard for comparison) ■— 

Table I 


Chemical formula 
Molecular weight (0 IH). 
Specific gravity of liquiii 
ViJfMjur dcTi.'iiLv fail :: 1 at N.'I\r.) 
boiling point (Mtgh. F.) at almo- 
sphcric pressiii cf 
Melting point (dfgs. !•'.) 

Specific heat of liquid at ‘li! 

tlega. F. 

Gaa generation at N.T.P. (cu. it. 

per lb.)..... 
Latent heat of vaporisation 
(B.Th.U. per lb. at liniling pciirU) 
Vapour pressure at 00 tlcg.s. 1'. 
(lbs. per sq. in.) 

Normal pre.ssure in container 
(lbs. per .sq. in.) 

Inhibitory factor per cent, in dry 
air (vary approximately) 


1 

Water 

Carbon 1 r Ira- 
1 liloriile 

1 Methyl 

ftlOIIliljD 

Carbon 

Dioxide 

H,0 

IH 

1 

CCI 4 

1 .lor. 
TjIU 

CM,Hr 
04-05 

1 - 7:1 

3-27 

CO, 

44-0 

0-H35 

1-62 

2 1 * 

+ 3:: 

l70-::4 

40-28 
-135-4 

-lOD-3 

1 

0108 

0-12 

0-20 

10 7 

2-.1 

3-7 

B-0 

‘i7:i 

1824 

24r, 

34fi 

0-2& 

1-75 

20 

750 

— 

Nil 

50 

744 

— 

150 

3-5 

10 to 29 


(o) Carbon Tetrachloride Extinguishers, The must widely used of 
the chemicai type extiiiguLshers is the carbon tetrachloride, 
commonly known as the C.T.C. extinguisher. 

When this liquid is directed on to a lire it vaporises, thus forming 
a layer of gas which is approximately r>J times as heavy as air. 
This blanket of va|H)ur consequently displaces the air round the hre 
and cuts off the oxygen supfdy needed to maintain combustion. 
The construction of C.T.C, extinguishers is covered by British 
Standard Specification No. 740, w'hich, cunongst other things, lays 
down two tables which specify the maximum and minimum time 
of disdiarge for the various types. The length of jet wliich every 
extinguisher must lurnish is 25 ft. Adequate expansion clearance 
is stipulated in the case of extinguishers of the gas pressure type, 
and requirements are given as to maximum pressures allowable. 
All extinguishers of this type in which the working pressure exceeds 
50 lbs. }>er sq. in. must >i\ithstand an internal pressure test of 
350 lbs. per sq. in. for 5 minutes without distortion and must have 
been tested by the manufacturers to this pressure for not less than 
2^ minutes. The usual requirements as to marking are included. 

Much has been spoken and written regarding the dangers of using 
C.T.C. in an endo^ space. This substance is dosely rdated to 
ua 
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chloroform and possesses very similar anaesthetising properties. 
C.T.C. extinguishers should not, therefore, be used in an enclosed 
space where the operator must of necessity inhale a high proportion 
01 the fumes generated. Fatalities have resulted through this 
cause, the susceptibility of various individuals to its poisonous effects 
varying very greatly. In addition, in the presence of a hot surface, 
such as that of a metal, where combustion is not actually taking 
place, the liquid tends to dissociate into chlorine and free carbon 
which, at the temjieratures existing in the lire, will comlhne with any 
oxygen present to form carbon monoxide and carbon dioxide. 
Carbon monoxide may, under suitable conditions, combine with the 
free chlorine to fonn phosgene, an extremely poisontms gas. whilst 
the free chlorine is also poisonous. The reaction probably takes 
place according to the equation :— 

ecu = C + 2CU 
2C + Oj = 2C0 
CO + Cl, = COCl, 

It is also possible that it breaks down directly into jdiusgcne and 
hydrochloric acid according to the reaction. 

ecu + HjO = COCU + 2IICI. 

C.T.C. breaks down (or hydroly.ses) in the j)rcsence of water, 
yielding hydrochloric acid according to the equation 

ecu + 211,0 = CO, + 4HC1. 

It is therefore imperative tliat it should at all times be kept dry, 
otbenvise the acid released Nvill attack the metal of the container 
with serious results, especially in the case of pressure types. 

As C.T.C. extinguishe.s fire by the exclusion of oxygen, a hard- 
striking jet is not essential as in the case of soda acid extinguishers, 
.Some extinguishers of this tyjje have tlierefore been lilted with an 
atomising nozzle through which the C.T.C. is ejected in a finely 
divided state. 

Commercial C.T.C. hand extinguishers fall into the follow'ing three 
main types :— 

(i) Pump type. 

(ii) Compressed gas-cartridge type. 

(iii) Air pressure type. 

(i) Pump Type. This type is the most widely known since it is 
sold very largely for use on motor vehicles for dealing with fires in 
wliich, C.T.C. is particidarly suitable. It consists of an outer 
container having a liquid capacity usually of 1 quart (but larger 
models up to 2 gallons are available), inside which is fitted a single- 
or double-acting force pump. In the smaller sizes the handle 
actuating the pump is located at one end of the container and the 
nozzle centrally at the other end. The pumping handle is almost 
invariably fitted with a bayonet joint and before getting to work 
the handle is given a partial turn and then operated up and down 
whilst the resulting jet is directed at the heart of the flames. The 
pump intake mechanism is constructed so that however the container 
is held it can swivel internally in order that the intake will always be 

ISJ 
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at the lowest part of the container and thus draw on the bulk of 
the contents. (A diagrammatic drawing showing the operating 
principles is given in Fig. 9.) This is essential as the extinguisher 
may require to be pointed upwards or downwards to deal with a 
fire. 

The plunger consists of a sleeve (a) closely fitting in a barrel (6). 
This sleeve is free to slide a short distance between two stops (c) 



Fig. 9. Section through pump t^pe C.T.C. extinguisher. 

and (rf) which arc rigidly connected to the hollow plunger rod (c). 
When the handle is operated the whole assembly moves up or down 
on the inner dischiu-ge tube (/). 

The pump has two intakes (g) and (h), only one of wliich is in 
of)eration at a time. If the pump is tilted dowm towards the handle 
as in Fig. 9, above, a sliding rod with a musliroom valve at each end. 
(;) and (^), slides to the right and seals the inlet (m), whilst if the 
pump is tilted down towards the nozzle the rod slides to the left 
l»4 
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diid the mushroom valve f^) shuts off the inlet (n). Entry to the 
pump chamber is governed by the ball valves (o) and (p). 

Thus on the oui-stroke when the extinguisher is tilted toward the 
handle, the pressure of the liquid in the pump barrel (6) forces the 
sleeve (fl) against the stop (c), the liquid in the barrel then passes 
through the portholes (^) into the outer tube (r) (forned by the 
plunger-rod (e) and the discharge tube (/) ). do^^Tl through the 
discharge tube and out at the nozzle (s). During this stroke the 
ball valve (p) is held on its seat by the pressure of the liquid 
whilst, below the plunger, the ball valve (o) opens and liquid is 
drawn from the main body of the extinguisher via the inlet (n) past 
the mushroom valve (^) wliicli is now open, and along the inlet 
passage ((). 

In Fig. 9, below, is shown the instroke with the extinguisher tilted 
down towards the handle. The .sleeve (a) is now forced against the 
stoj) (ri), the liquid in the pump barrel escaping as before iin the 
outer tube (r), and then down the discharge tul>e (/) to the nozzle. 
The ball valve (o) is held on its seat by the pressure of the 
Meanwhile liquid from the outer container is drawn via the inlet (n) 
past the mushroom-headed valve (A) which is ot>cn and into the 
pump barrel via the intake (/»). 

\Vhen the handle is pres.sed home and the bayonet lock (u) 
secured, a sealing device (v) shuts the top of the discharge tube and 
prevents the uscaj^e of the contents. 

Minor differcnce.s in design will be found in the models produced 
by various manufacturers. These may consist of ball valves to 
rejdace the .sliding rod and mushroom valve, variations in the size 
and disposition of the inlets and in the arraiigciiicnt of the plunger 
mechanism. The general 0 })erating principles as applicable to the 
swivelling intake gear, however, remain the same. 

The single acting pump type is somewhat similar in construction 
but is of simpler design and does not, of course, give a continuous jet. 
In the larger sizes a rubber hose or rubberised canvas is used to 
direct the stream on to the fire. 

(ii) Compressed Gas-cartridge Type. This type of extinguisher 
is somewhat similar in its general arrangement to the gas-cartridge 
type of extinguisher using water (Fig. 7). Tlie C.T.C. is contained 
in the main body whilst a cartridge of highly compressed gas is held 
in a suitable cage in the container. A plunger is fitted on the to]) 
of the extinguisher which wlien depressed or struck perforates a 
copper sealing diaphragm on the head of the gas cartridge releasing 
the gas into the main body of the extinguisher and driving out the 
liquid contents through a discharge tube. In one particular model 
the compressed gas capsule can be sealed again by a patent type of 
knife-edged re-sealing de\ice. It need hardly be remarked that 
such re-sealing can be of a temporary nature only and that a fresh 
capsule must be employed when the extinguisher is put back again 
for future use. 

In this type of extinguisher the gas is ejected at the same time as 
the liquid, breaking the latter up into a highly atomised spray 
forming a narrow cone. It is claimed that the hne state of division 
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causes instantaneous vaporisation on reaching the fire, with 
consequent speed in producing a gas blanket. 

(iii) Air Pressure Type. In this type of extinguisher (Fig. 10) 
the liquifi is held in a container which is fitted with an air pump 
and a discharge tube. The discharge tube 
is controlled by a cock wliich is normally 
kept in the off or shut position. When it 
is desired to bring the extinguisher into 
use the air piinijj is worked by hand until 
suflicient air pressure (about 50 lbs. per 
sq. in.) is built up in the container. A 
pressure gauge is fitted to register this. 
The cock is then ojjeiied and the stream 
of liquid directed at the fire. 

Testing. The j)ump type C.T.C. extin- 
gui.shers used by the National Fire Service 
are to be examined for leakage once a week. 
At the time of publication of this Manual 
a monthly test is carried out as follows ; 
Ihimp two or three strokes in an upward 
direction to make sure that all valves are 
functioning ; then discharge the contents 
into a clean and perfectly dry receptacle, 
preferably of glass, as C.T.C. will attack 
enamel. Lightly grease the plunger rod 
and wipe off. Recharge with the original contents, making good 
any loss from a fresh charge. 

Use. The C.T.C. extinguisher is not recommended for fires in 
“ free burning " materials, i.r., wood, textiles, paper, rubbish, etc., 
but if necc.'vsary it will give reasonably useful service. It is not 
recommended because other types are better adapted and because 
of the difficulty of confining the vapour to the seat of the fire. For 
liquid fires it should only be used in the incipient stages when the 
depth of the inflammable liquid is slight. Where a considerable depth 
is present, the jet of liquid C.T.C. passes through the flames without 
va^xirising sufficiently to produce an atmosphere which will not 
supix)rt combustion and since C.T.C. will mix with most liquids in 
this class, it promptly distributes itself throughout the fuel. In the 
case of i)etrol, for instance, it would require 70 per cent, of C.T.C, 
to 30 per cent, of [)etrol before the latter would cease to bum. 

For electrical fires it may safely be used because it is a non¬ 
conductor. 

For fires in motor vehicles C.T.C. extinguishers are of outstanding 
value. In this class the majority of fires occur under the bonnet, 
where the C.T.C. vapour is caught in a confined space whilst the 
operator rernmns in the 0 {ien air. The extinguisher is small and 
readily brought into o])eration. For tank wagons, etc., other 
types (such as foam) may be preferred, but for general motor 
venicle use the C.T.C. extinguisher holds first place. 

It is a strong solvent of grease and fats and, owing to its relatively 
low boiling point (which means that it evaporates rapidly) and the 
m 



Fig. 10. Section through 
air pressure type C.T.C. 
extinguisher, showing air 
pump, pressure gnuge and 
control cock. 
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fact that it is relatively inert, its use doeir. not result in damage to 
fabrics, etc. 

C.T.C extinguishers should, under no circumstances, be used on 
incendiary bof^s. 

(b) Methyl Bromide Extinguishers. Investigation has shown that 
methyl bromide, which is a stable colourless liquid with a 
boiling point of 40-3° F., and which ujH)n release to atmosjihere 
at normal temperatures rapidly evaporates, possesses excellent fire 
extinguishing properties. Methyl bromide has the very low 
inhibitory factor of approximately 3*5 per cent., whilst the vapour is 
3*27 times hea\ier than air. It is ejected from its ciuitaining cylinders 
at a low pressure in liquid form by added pressure through the 
medium of an inert gas, hand extinguishers being rlKirged to a pres¬ 
sure around 50 lbs. per sq. in. Discharge is assisted in some measure 
by evaporation of the liquid on the relcii.se of pressure. One lb, of 
methyl bromide will produce 3-7 cu. ft. of gas. This gas is toxic, and 
if inhaled in a concentration and for a sufficient tiiiu* is ca]iaMe of 
causing death. The toxic gases produced are small qiumldirs of 
hydrobromic acid, bromophosgene, pD.ssibly only momentarily, and 
free bromine. 

Methyl bromide hand extinguishers consist 
essentially of a bottle-shaped container which 
is charged with methyl bromide at about 50 lbs. 
pressure, and sealed with a metal disc. The 
container is usually made from seamless drawn 
copper. The extinguisher is operated by means 
of a plunger which pierces the disc and allows 
the liquid to emerge in the form of a powerful 
jet. 

Methyl bromide extinguishers are clas.sihed in 
sizes according to the weights of their contents, 
which vary from 8 ozs, to approximately 8 Ihs. 

Three principal types are manufactured;— 

(i) The total discharge type. 

(ii) The controlled discharge (plun- 

ger) tyiJe. 

(iii) The controlled discharge (valve) 

type. 

(i) The Total Discharge Type (Fig. 11) 
has a plunger in the base of the extinguisher 
which pierces a copper sealing disc. The whole of the contents of 
the extinguisher must be discharged whenever it is operated. 

(ii) The Controlled Discharge (Plunger) Type (Fig. 12. left) 
operates on the same principle, but is fitted with a spring-loaded 
plunger (a), held in position by a safety pin (b), and a trigger control 

(c) . Removal of the pin releases the plunger wliich is driven 
through the sealing disc (d) by the spring and at the same time the 
mouth of the cylinder is sealed by means of the shoulders (e) on the 
plunger which rest on a seating until it is withdrawn by raising the 
trigger control (c). This type has the advantage that it can be 
shut ofl as soon as the hre is extinguished thus reducing the danger 

i-« m 
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from toxicity and also effecting a considerable saving in the cost of 
recharging. The extinguisher can be used again after partial 
discharge—if a flashback from the fire occurs for example, or on 
subsequent fires—but as a perfect seal is not obtained once the 
disc has been pierced, the extinguisher must be returned to the 
makers for topping-up and re-sealing as soon as possible after use. 

(iii) The Controlled Discharge (Valve) Type (Fig. 12, right) has 
no cupper sealing disc. It is fitted witli a wheel valve (a) and a 
cock (6) on the discharge tube (c) at the top of the extinguisher. 
The extinguisher is operated by turning the wheel anti-clockwise 



Fig. 12. Sections through controlled discharge c/pe methyl bromide 
extinguishers. LcFc : plunger type. Right ; screw-down valve type. 

and opening the discharge cock. The valve fitted on this type 
provides a perfect seed if screwed down hard, and the extinguisher 
can therefore l>e used as required. The amount of liquid 
remaining can be ascertained by weighing. 

Use. Methyl bromide, like C.T.C., is a non-conductor of electri¬ 
city, and is used principally for dealing with electrical fires and those 
iypes of fire for which C.T.C. would prove suitable. It is used 
both in the fonn of portable extinguishers and in fixed installations, 
being principally emploj^ed for protecting transformers, etc., and 
high risk industrial stores, such as stocks of paint, oils, etc. It is 
also very >^idely used for aircraft and small boat protection. 

Testing. The extinguisher is tested periodicaJly by weighing. 
The weight of the container in pounds and ounces is stamped on 
each extinguisher and the accurate net weight of the contents is 
stated by the manufacturer for each size. If the total weight of 
the extinguisher when weighed is less than these two figures 
combined, then the extinguisher should be returned to the makers 
for recharging. It is claimed, however, that these extinguishers will 
retain their contents intact for ten years from the date of charging. 

Advantages and Disadvantages. The advantages of the methyl 
bromide type of extinguisher are :— 

(i) It is extremely rapid in operation. 

(ii) Being 3-27 times heavier than air the vapour is less 
easily afiected by convection currents and draughts from 
extraneous causes. 
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(iii) A 5 per cent, concentration will extinguish the majority 
of fires in confined spaces, and relatively small and compact 
extinguishers can therefore be used. 

(iv) Small hand extinguishers are light in weight and can be 
operated >\ith one hand, leaving the other hand free. 

(v) It will not harm fabrics or other delicate materials. 

(vi) It is a non-conductor of electricity. 

The disadvantages are :— 

(i) It is comparatively costly. 

(ii) The vapour is toxic. 

(lii) It must be returned to the makers for recharging. 

(iv) There is no visible check on the contents, the presence 
of which can only be ascertained by weighing. 

The methyl bromide hand extinguisher is not widely used in the 
Fire Service, owing principally to its high cost, but in some localities 
a number of these extinguishers have been carried, largely experi¬ 
mentally and generally in substitution for the C.T.C. extingu^’sFier. 

(c) Carbon Dioxide Extinguishers. \Miilst carbon dioxide (CO,) as 
an extinguishing medium is widely employed in fixed in.staiiations 
it is also frequently to be found in portalde form. 

As a firefighting medium it functions, in the same way as 
C.T.C. and methyl bromide, by partially excluding oxygen. The 
release of the gas at high velocity may also help to beat out the flames. 

CO, is a gas at ordinary temperatures but when compressed for 
storage in cylinders, it liquefies. \Vlien released the liquid vaporises, 
the rapid expansion lowers the temperature, and part of the gas is 
solidified in fine particles. Whilst the cooling effect may play some 
part in extinguishment it should be emphasised that it is the 
exclusion of oxygen which is of primary imi)ortance. 

CO,, which is a colourless, odourless gas, is not poisonous, but, 
being a non-supporter of combustion, when inhaled in large quanti¬ 
ties leads to suffocation. Physiologically in very small quantities it 
stimulates respiratory action and is administered with oxygen in 
resuscitation. (See Chapter 12.) 

CO, hand extinguishers are available in cylinder sizes having 
capacities of from 2 lbs. to 12 lbs. of liquefied gas. 

The extinguisher (Fig. 13) consists of two principal parts, a steel 
cylinder (a) containing the liquefied gas fitted at the top with a 
sealing disc and piercing or valve meclianism (b) and a metal fibre 
or composition horn or distributor (tr) which in the smaller models is 
rigidly connected to the valve mechanism and in larger sizes is 
connected by flexible high pressure hose (d). The cylinder is 
usually filled to approximately two-thirds by weight of its total 
water capacity. The disc may be pierced in some models by 
knocking in the plunger at the head of the cylinder and in others by 
a lever device, or the gas may be released by opening the valve. 

The essentia] feature about this valve, whatever its type, is that 
it should open quickly and provide a clear passage for the liquid. 
If this free passage does not exist wire drawing takes place and 
freezing up of the valve occurs. For this reason the sm^l orifices 
usual in commercial valves are unsuitable. The discharge mechanism 
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I di&charge hom 
(cl 


flexible hioh msure hot* IS Usually designed so that the entire 

1 *^* contents are ejected in approximately 

one minute. 

Owing to the expansion of the dis¬ 
charging gas and its liability to freeze, 
careful design of the discharge mecha- 
ni.sm is essential. A discharge tube (e) 
is fitted to the cylinders so that liquid 
CO 2 is released through the valve in 
the cylinder head. Expansion may 
rommence in the flexible hose but the 
discharge hom s^reatcr part of the process takes place 
(cl in the discharge horn which is used to 
direct the gas on to the seat of the 
fire. Tlie ratio of expansion is approxi- 
niately 450 to 1. The de.sign of the 
''‘*KtinguithVr“%i;ow“ng dis^ discharRe hnrn is a most important 
charge lube, piercing [mech- feature of CO ^ extinguishers. Its mam 
anism and discharge control duty is to stop the entrainment of air 
w'ith the CO 2 and to reduce the velocity 
of the COg. Without this horn the jet 
of CO 2 acts like a blow-torch and will by its velocity increase the 
intensity of the fire. 

The flexible hose should always be of the high-pressure t 5 rpe, 
since Ihe contents of the cylinder are held under a pressure of 744 lbs. 
per sq. in. at 60“ F.. and this pressure is transmitted to the hose 
on discharge. At temperatures higher than 60° F. the pressure 
increases and may reach 2,000 lbs. per sq. in. 

A subsidiary valve for shutting off tlie flow of gas temporarily 
is sometimes fitted at the entrance to the hom. Where these 
extinguishers are carried on brackets some makers so arrange 
the bracket that a discharged cylinder cannot be replaced in 
|:K)sition. 


7V>7ing. COg extinguishers in use by the Fire Service are tested 
.six-nioiUhly by w (‘igliing. Each extinguisher is carefully weighed on 
reiTi|it ami the weight l ecordeil. If a loss of more than 10 per cent, 
is recorded the extinguisher should be returned to the makers for 
recharging. All cylinders made to Home Office specification are 
tested liydraulicaliy to a pressure of 3,375 lbs. per sq. in., the 
bursting pressure being in the region of 7,000 lbs. per sq. in. The 
sealing discs used by one firm of manufacturers are designed, as a 
safety precaution, so that they will rupture automatically if the 
pressure exceeds 2,700 lbs. per sq. in. 

Advantages and Disadvantages, The chief advantages of CO, as 
an extinguishing agent are :— 

(i) It is extremely rapid in action and its action is 
independent of atmospheric temperature. 

(ii) Cleanliness. Being an inert gas, it quickly disperses, 
leaving no trace behind. It has no chemical action under normal 
conditions, and no damage is caused by its use except possibly 
that in certain circumstances the intense cold produced might 
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have, apart from fire damage, some effect on articles coming into 
close contact with the main body of the discharging gEis. 

(iii) It is a non-conductor of electricity. Tliis, combined 
with its cleanlijiess, makes it of particular value in fires involving 
el ectrical apparatus. 

(iv) It may be used in their incipient stages on fires in a 
number of highly inflammable liquids such as mcth\ l. ethyl and 
butyl alcohols, acetone, amyl acetate, ether, carbon disulphide, 
etc., which it does not contaminate as would foam. 

(v) Being a gas, it will penetrate into otherwise inaccessible 

j>ositii>ns. 

The chief disadvantages arc :— 

(i) The total weight of the extinguisher in cnmpari.snn with 
the weight of gas uischargecl, is considerable. Thus wilh a typical 
small hand CO 2 extinguisher the gross weight is lUj lbs. for a 
capacity of 2 lbs. of COg, and the next si/e model lias a gross 
weight of 27 Ib-^. for a capacit\’ of -1 lbs. 

(ii) There is no visible check on the contents. Extinguishers 
must be arcurately weighed at regular inti'rval.s tf» ensure lluit no 
leakage has taken place. 

(iii) They must l)e sent away for rerliarging. 

It .should be noted that COg extingnisbers cannot be used on 
magnesium tyjje incendiary bonib.s as the metal will burn as readily 
in this ga.s as in air. 

4. DRY POWDER EXTINGUISHERS 

At one time dry powder extinguishers were widely employed by 
tlie general public, l)ut owing to their very limited effectiveness they 
ha\e lieen siqierseded by more effective media. These j)Owders 
were frequently containerl in tins held on brackets. The action of 
removing the tin from the bracket opened the month through which 
the powder could be thrown on to the fire by tlie operator. In 
other types the container had a fraiigilfle seal or was itself 
readily broken when throwm forcibly at the fire. A number of 
methods of forcibly ejecting jxiwders from their containers have 
also been employed such a.s by using small cartridges of com¬ 
pressed COn, charges of gunpowder, etc. Whilst the action rjf 
this jxiwder was supjjosed to smother the flame.s, the jirincipal 
effect obtained was to kni^ck them out. The incendiary Iiomb 
menace has caused the attempted exploitation of these types once 
again. The composition of the powder itself varias with the 
different proprietary types of extinguisher. Many patents have 
been issued, covering variants of the .same basic principle, each 
of which is alleged to possass advantages which j)lace it above all 
others. 

Until comparatively recently at least 95 per cent, of powder 
extinguishers contained a mixture of sodium bicarbonate with an 
inert material such as precipitated chalk, whiting, .sand, sawdast, or 
dry clay. The sodium bicarbonate formed the extinguishing 
material, being in proportion of from 45 to 95 or more per cent, 
of the total contents of the extinguisher, the other substance or 
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substances being added to prevent the mixture caking in the unused 
container, due to absorption of moisture. 

One formuJa for this type of powder consists of :— 


Sixlium bicarbonate 
Magnesium stearate 
Magnesium carbonate 
Tricalcium phosphate 


97 per cent. 
1 

i .. 


This is the formula used by a large firm of extinguisher manu¬ 
facturers in America. 

Althougli a small quantity of carbon dioxide gas is given off when 
this mixture is applied to heat (only about 4J cu. ft. for 1 lb, of the 
rnarcrial) the main extinguishing effect is that of direct smothering, 
and its use is therefore confined to cases in which the fire can be 
approached sufficiently closely to enable enough powder to be thrown 
df)wn to cover the burning surface. 

These powders came into prominence during the first World War 
and were so widely advertised as effective media for dealing with 
incendiary bombs that the Secretary of State appointed a Com¬ 
mittee in 1916 to test their value. The Committee decided that the 
IKjw'ders had a slight value as first-aid appliances, but were not 
noticeably more eflicicnt tlian water. In the course of his evidence 
before the Committee, the then Chief Inspector of Explosives stated 
that these powders " merely consist of a few pennyworth of bicar¬ 
bonate of soda, or a mixture of bicarbonate and chalk. They are 
practically of no more value than so much sand and are less effective 
than a bucket of water." 

The Koyal Commission on Fire Brigades and Fire Prevention 
(1923) quotes this finding, and advises that these mixtures are nut 
to be recommended for general use. 

Experiments have been made in recent years, however, which have 
resulted in improved forms of these powders (silthough the old forms 
still persist). Particular attention has been paid to the development 
of suitable pow'ders for attacking fires involving magnesium and other 
light metals, and the advent of war, with the threat of damage from 
incendiary bombs, has done much to speed this development. 

Several materials have now been produced and patented which 
undoubtedly, from impartial tests, exercise a restraining influence on 
incendiary bombs and may in some fortunate cases where the bomb 
has fallen on an incombustible surface extinguish it entirely. 

One such pow'der consists of " a mixture of loose asbestos fibres 
with pow'dered graphite or siliceous material with a smaller 
percentage of anhydrous magnesium cliloride and calcium fluorite." 
This mixture is used in conjunction with sodium bicarbonate. 

Another, more recent, formula developed purely for dealing with 
incendiary bombs, consists of a mixtiire of borax, magnesium 
carbonate, fire cement, alum, and blacklead. This mixture results 
in a grey powder, which is converted by the heat of the bomb into a 
viscous black fluid. This fluid is claimed to seal the unbumed parts 
of the bomb and prevent further combustion, as w'ell as excluding 
all oxygen from combustible materials near and under the bomb. 
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Perhaps the best known of these patented powders, and one which 
is widely used in factories dealing with light metals, is composed of a 
mixture of bitumen, slate powder and aluminium stearate, in the 
follo^^ing approximate proportion : bitumen 45 per cent., slate 
powder, 45 per cent., aluminium stearate 10 jjer cent. 

This powder has achieved considerable commercial success owing 
to the fact that it protects the unburnt metal from further damage, 
and enables it to be salvaged in good condition. 

Few of the powders produced or advertised, except those developed 
for protection against the highly specialised risks mentioned above, 
are of any practical value, though many variants of sodium 
bicarbonate powders are still marketed. It should be emphasised 
that their value for general household use is negligible and their 
provision may lead to a false sense of security. The}^ are of no 
practical value W’hatsoever for dealing with incendiary bombs. 

When employed for special risks their effect is purely local, and 
they are quite useless for dealing with subsequent fires on any scale, 
which must be fought with the appropriate equipment. 

I. EMULSIONS 

A considerable amount of research has been devoted to developing 
a suitable heavy blanketing medium for dealing with fires in such 
substances as magnesium. 

Several patents have been granted in the last three years, the 
principle in each case being tlie use of an emulsion made from a 
mixture of water, an oil having a high flash point, and some soluble 
silicate such as water glass. In some formulx substances which 
produce an extinguishing gas, .such as ammonium carbonate, 
methyl or ethylene bromide, are added to assist the action. 

These emulsions have proved successful in extinguishing small 
fires involving magnesium and other light metals, but their applica¬ 
tion to fires caused by incendiary bombs is subject to the same 
disadvantages as the powder extinguishers. 

Although these developments of known principles may have some 
valuable industrial applications, their use is not to be rea)mmended 
for the general public, and they are still too experimental to be 
adopted by the Fire Service. 

CHEMICAL ENGINES 

Larger types of portable extinguishers which can be wheeled into 
position are known as chemical engines. They may be either soda- 
add, foam, methyl bromide, or CO, tyi>es. They are rarely used 
by the Fire Service but will be found in many industrial premises, 
institutions, etc. These extinguishers range in capacity from 10 
to 30 or occasionally 50 gallons of fluid, and the reaction which leads 
to the discharge of the contents is produced in predsely the same 
manner as in the smaller hand extinguishers. 

The soda-acid and foam type extinguisher body (Plate 6) is well 
balanced on wheels and is moved into position in an upright or semi¬ 
upright position by handles. Chemical engines for indoor use are 
ttsu^y Quipped with an extra narrow track to pass through door- 
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ways, etc. A length of hose, usually 30 ft., is employed with nozzles 
ranging up to J in. diameter for the soda-acid type and | in. for the 
foam type. COj cylinders are fitted with discs and releasing gear 
just as in the hand types and the methyl bromide types usually 
consist of several ordinary large extinguishers coupled together. 
The nozzle when enijiloyed is usually fitted with a cock to shut off 
the flow and prevent water damage. Some models are fitted with a 
pressure gauge. ' 

To operate the soda-acid and foam types the engine should be 
wheeled witliin striking distance of the lire and kept upright. The 
ln)se .should then be run out with the nozzle cock clo.sed. The valve 
in the head shtjiild be unscrewed and the handles lowered to the 
ground thus laying the extinguisher on its .side. With some models 
the body of the extinguisher is pivoted .so that it can be reversed 
to actuate it. A period of ten seconds should clap.se before the 
nuzzle cork is opi ncai. When the engine is hall discharged it should 
he rocked to agitate the contents. 

After use the whole interior should be carefully wa.slied out and 
the engine recharged, taking the same precautions as when charging 
the appropriate type of hand extinguisher. 

COj and methyl bromide chemical engines are operated in the 
same way as hand extinguishers of these types, and must of course 
be returned to the makers for recharging. 

EXPLOSIONS IN FIRE EXTINGUISHERS 

No definite statistics are available in this ctiuntry on how many 
explosions have occurred in soda-acid hand fire extinguishers, and 
to what those which have occurred were due. The National Fire 
rrotcclinn Association Transactions for April, 193D, however, list 
nine reported extinguisher exj)lo.sions in the U.vS.A. in the nine years 
1930-38. Cases in which extinguishers have exploded have been 
due to 

1. Use of extinguishing material or charges other than those 
as supplied by the manufacturers or not in accordance with the 
correct standard. 

2. Defective threads on the ca^) or a failure to replace the 
correct cap on the right extinguisher where more than one was 
being rediarged at the same time, 

3. Repairing defective extinguishers instead of replacing them. 
One case of an extinguisher explosion in this country was due to 

the outside container which was made of copper having been 
ptdished regularly. This polishing over the course of years so 
weakened the outer shell by removing metal that when put into 
operation it exploded, a weakness which regular pressure testing 
would have revealed. 

The explosion risk should virtually be non-existent, since if the 
extinguisher is designed to the requirements of British Standard 
Specification No. 138, and the correct charges are used, excessive 
pressures cannot be built up inside, even when the nozzle is blocked. 
Regular pressure testing will ensure the soundness of the main 
con toi tier. 

IM 
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T he pnndpal method of fire extinction employed by the Fire 
Ser\dce is to cool the temperature of the biirnin/^^ materials 
below their ignition point by the application of water in the appro¬ 
priate volume, in the form of a jet or a spray depending on the type 
of lire. Some of the most hazaidous substances from the angle of 
lire risk, however, are liquids having a specific gravity lower than 
that of water. 

When water is applied to the burning surface of such a liquid it 
lowers the temperature momentarily and then sinks below the 
surface, where any further elfect is lost except in the case of 
substances such as methylated spirit which mix freely with water. 
Dilution may in this case take place to the j>oint where combustion 
cannot further be maintained, but, as this involves a great increase 
in volume, it is not always possible (the burning liquid may overflow, 
for examine) and the destruction of poteniially salvageable property 
is to be deprecated. 

Whilst the momentary cooling may sometimes result in extin¬ 
guishing the fire the td'fect is nomially too short-lived, and coinbu.s- 
tion continues, although for certain types of risks high-pressure 
water projected on to the surface of the burning fluid may emulsify 
or break up the burning layer and so cool and separate the combus¬ 
tible material that the fire is extinguished. The apjilication of this 
princifde is dealt with in the Chapter on " Sprinklers, Drenchers 
and \Vaters[)ray Systems.” 

It has been shown in Chaj)ter 2 that one of the metliods which can 
be employed for lire extinction is smutliering or the limitation of 
oxygen. Many years ago it w'as .shown that if an acid salt such as 
aluminium sulphate is allowed to react with sodium bicarbonate in 
a solution to which a small quantity of a stabiliser has been added 
then a Irothy product is obtained wdiich retains its texture for a 
comparatively long time. This froth is relatively insoluble in most 
liquids and, owing to its light wx*ight, floats on the liquid. When 
applied in sufficient quantities it forms a blanket capable of covering 
the surface of the burning liquid and extinguishing the flames by 
cutting off their contact with the air. This froth, or ” foam ” as it 
is termed, is composed of masses of small bubbles of carbon dioxide, 
and owing to the method of its formation is known as ” chemical 
foam.” 

A very great amount of research work has been carried out on the 
production of foam, and it was discovered that if suitable compounds 
were added to water which was then violently aerated a foam very 
similar in its general properties to chemical foam was produced. 
The bubbles were, however, filled with air and not carbon dioxide. 
This has been proved not to affect the extinguishing properties of 
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foam since the action is essentially one of blanketing and the carbon 
dioxide in the bubbles of chemical foam plays little part in the reac¬ 
tion. Foam produced in this manner is called “ mechanical foam " 
or sometimes *' air foam.*’ 

Experience has shown that the most satisfactory mechanical 
foam is one which has an expansion ratio of about B ; i.c., when 
the volume of foam produced is eight times that of the water used. 

CHEMICAL FOAM 

1. COMPOSITION 

Chemical fryam is relatively little used by the National Fire 
Service arid has been replaced almost entirely, except in hand 
extinguishers, by mechanical foam. Chemical foam is, however, 
frequently used in fixed installations for the protection of oil 
refineries, storage depots and similar risks. Chemical foam is 
normally produced by the interaction of aluminium sulphate with 
sodium bicarbonate in solution, to which a stabiliser is added. The 
exact composition and proportion of this stabiliser varies according 
to the patents of the manufacturer and is frequently kept as a trade 
secret. Liquorice, turkey-red oil, saponine, extract of soap bark 
or qiiillaja saponiiria and albumen are amongst the substances used. 

The stabiliser takes no part in the chemical reaction, but 
strengthens the walls of the individual bubbles and prevents them 
bursting. It is believed that the aluminium hydroxide formed 
during the reaction may also play some part in assisting this streng¬ 
thening. When used in chemical hand extinguishers the two 
prinri[Kil ingredients are stored as separate solutions which are 
mixed when the extinguisher is operated. Bubbles of gas are 
formed throughout the liquid and the whole container is filled with 
foam wliicli is ejected by the gas pressure set up by the CO,generated. 

2. CREATION OF CHEMICAL FOAM 

VMien larger quantities of chemical foam are required than are 
provided by the hand extinguisher either a chemical engine or some 
form of coritinuoiis foam generation must be employed. The 
jirinciple of working of the chemical engine is precisely the same 
as that of the hand extinguisher but on a larger scale, and has been 
dealt with in Chapter 9. 

Large quantities of chemical foam may be produced in one or other 
of two ways ;— 

(ti) By bringing together, as required, solutions of the two 
ingredients which, on mixing, produce foam ; or 

(&) by introducing into a hose line the two main ingredients 
in powder form. In the presence of water the powders dissolve, 
chemical action ensues and foam is generated. 

(a) M/x/ng of Foam Solutions. The former method is but little 
used by the Fire Service, but may be encountered on some 
types of airport crash tenders, since the production of foam by this 
mcthcxl is almost instantaneous and it can be made avadable, 
particularly in conjunction with hose reels, in minimum time. 
m 
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The amount of foam produced is governed by the liquid cairying 
capacity of the vehicle. 

The liquids are pumped separately from their containers into a 
common hose line, the turbulence involved in passage through the 
latter ensuring thorough mixing. A standard branch wiih a nozzle 
diameter usually of ins. is employed to direct the foam on to the 
fire. A positive displacement pump with tw'o cylinders, one for 
each solution, is employ'ed, since the liquids must be mixed in their 
correct proportions, usually 1 to 1, the respective strengths being 
suitably adjusted. 

(b) Foam Generators. The respective constituents in powder 
form occupy considerably less space and weiglit than when in 
solution. Where water is available locally, therefore, the njethod of 
introducing the chemicals into the hose line and allowing tliem to 
dissolve iind react therein has been developed. The advantage of 
tills method compared with that described in (ci) above is tliat the 
generation of foam can be made continuous and is only limileiJ by 
the availability of w^ater and the necessary chemicals. Any V'ire 
Service pump and standard hose and equipment can be used, the 
necessary .special equipment being limited to a device for introducing 
the pow^dered chemical into the hose line. 

Since the chemical action only takes place when the chemicals 
are wet or in solution they may be kept mixed together ready for use 
ill airtight drums provided precautions are taken against damp. 
This method of producing foam is known as " continuou.s foam 
generation " and the special equipment used for introducing the 
chemicals into the hose line a " foam generator.'* 

Foam generators are of two main types : (i) intermittent, and 
(ii) continuous. 

(i) Intermittent Type. A typical generator of this tvpe consists 
of a cylindrical container (Fig. 1, left), which is fitted with couplings 




Fig. I. Chemical foam generators. Left: Intermittent type, showing lid 
open ready for the insertion of a charge. Kight: continuous type. 


167 



POAM AND POAN^AKING BRANGHB 


part I 


for connecting into the hose line in use. A charge of powder is 
deposited in the cylinder, the lid screwed down, and the main valve 
opened to allow water to be passed through. When the powder is 
exhausted the water must be shut off, the lid opened, a fresh charge 
of powder inserted, the lid closed and the water again turned on. 
Before inserting the fresh charge, however, the drain valve should 
be opened to allow the cylinder to drain, and re-closed. The process 
may be made more nearly continuous by having two generators 
connected in parallel so that one may be in use whilst the other is 
being charged. 

(ii) Continuous Type. In this tyjx; (Fig. 1, right) an injector device 
(see Chapter on'' llydraulic.s ’') wdth a hopper above is connected into 
the hose line, h'oain powder is tii)[)ed into the hopper and the water 
turned on. So long jls the supply of chemical is maintained the 
gencTiition of foam is continuous. 

Since the reaction which generates the foam is initiated imme¬ 
diately the fhemicals enter the water stream the generator must be 
placed clu.se to the branch, usually about 100 ft. away. Any 
greater distance cau.se.s undue friction in the hose and may tend to 
break down the foam whilst a lesser distance does not permit of the 
thorough mixing of the charge with the water stream. In order to 
reduce friction and minimise breakdown in the foam, rubber-lined 
hose should be employed whenever possible, although satisfactory 
results can be obtained using unlined hose. 

A typical [)owdcr foam generator of this type (Fig. 1, right) 
con.sists of an injector device mounted on collapsible metal legs and 
fitted with a removable copper hopper. Male and female couplings 
are provided fur it to be inserted into the hose line, and a pressure 
gauge is fitted on the incoming side to enable the operator to see the 
water [iressure at the generator, which should be approximately 
ItU) lbs. A simple control valve is fitted, having a lever so arranged 
that .sudilen closure is impossible. The base of the valve is fitted 
witli a drain cock to [uevent freezing in frosty weather. The 
complete apparatus weighs approximately 72 lbs. 

Tliere are several larger sizes of this tyjie of generator, the principle 
of construction being the same in each case, but on a larger scale, 
tfie internal nozzles being of different cross-sectional areas. 

With in.stallations of this type the greater the water pressure, the 
greater the foam output, since more water is passing through the 
apparatus and more powder is necessarily being taken into the 
stream. The volume of foam produced for a given quantity of water 
is comsiderably greater than that obtained from mechanical foam. 
With the apparatus described above, 750 g.p.m. of foam are produced 
from 54 g.p.m. of water at 100 lbs. inlet pressure. A comparable 
mechanical foam apparatus produces 450 g.p.m. of foam. With the 
chemical type of foam it is the richness of the mixture which governs 
the quantity of foam produced for a given quantity of water, and 
equivalent results in foam production can therefore be obtained 
from much smaller quantities of water, resulting in a foam which is 
lighter than that produced by the use of foam compound (t.e., 
mechanical foam). 
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This advantage is, however, offset by the fact that:— 

(a) The generator must be placed very near the fire, which 
particularly when working on oil hrcs is often undesirable, and 
(fc) the weight of powder consumed is very considerable, and 
might cause transport difficulties if the apparatus were used at 
any distance from a source of supply. As an e.\amyile of the actual 
weight involved, the apparatus described above, when producing 
750 g.p.m. of foam, requires 105 lbs. of yxnvder j>er minute, or 
approximately tons per hour. For this reason oil installations 
and other premises at which powder generators are employed 
usually carry a ver}' large standing stock of foam powder. 

With either of these types of chemical foam generator normal 
equipment {i.e., hose and branches) may be used, but a nozzle of 
ins. to 2 ins. diameter is required. 

MECHANICAL FOAM 

It has already been explained that by introducing a suitable 
compound into the water stream and then aerating the resulting 
mixture a stable foam can be produced. This basic princii>le applic.s 
irrespectively of the size of the equipment or the purpa.se for which 
it has been designed. To produce mechanical foam the following 
major items td equipment are required :— 

(i) A pump for imparting the necessary energy to the water 
(this may be any suitable Fire Service pumping appliance) or (with 
certain tyj)es only) a hydrant with a pressure of at least 70 lbs.; 

(ii) Hose for delivering the water where required ; 

(iii) A means for injecting the foam-making compound or 
*' foam compound,'" as it is called, into the water stream ; 

(iv) A means of aerating the resulting mixture and apparatus 
for projecting the resulting foam on to the fire. 

(iii) and (iv) are sometimes carried out by the one piece of equip¬ 
ment known as a “ foam-making branch." 

I. COMPOSITION 

Foam compound is a proprietary mixture, the composition of 
which, as with chemical foam powders, varies with the patents of 
tlie manufacturers. There are three main types in use. Of these 
the first comprises various forms of liquid soap, the second is a 
sulphonated compound, and the third, wliich Ls the type issued to 
the Fire Service, is a protein comyiound. It is injected into the 
water stream either by means of an injector device contained in the 
foam-making branch itself, or by a special piece of equipment known 
as an inductor, and directed on to the fire by the branch. 

Foam compound must be kept in the scaled cans and drums in 
which it is supplied until actually required for use. It must not be 
decanted for storage. If decanting is necessary when foam Ls 
required at a fire, the receiving container must be perfectly clean 
and should be marked so that any unused fluid is reserved only for 
practice work. When foam compound is being poured into the 
tank of an inline or multiple jet inductor it should, if possible, be 
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strained in order to prevent the sludge or crystalline matter which 
accumulates at the bxse of the tin or drum being poured into the 
tank and possibly blocking the inductor pipe. Although straining 
may not be practicable, precautions should always be taken to 
prevent more than is unav'oidable of this sludge getting into the 
tank. The compound sliould not be shaken or disturbed before 
pouring, and the tin or drum should not be completely drained. 
To obviate confusion between 2‘gallon tins of compound and petrol, 
the former should be marked with a large “ F ” on each side and a 
piece of cord or rope tied round the handle for identification by 
touch in the dark. 

Foam compound for use in No. 2 foam-making branches is 
normally .supplied in 2-gallon tins. These ha'\'e the advantage that 
they can readily be lifted to fill the knapsack tank on the branch- 
man's back. ¥f)T use with small inductors h-gallon drums are of 
convenient size, whilst for use walh the larger inductors 20-gallon 
drums are available. The illustration of the multiple jet inductor 
(Fig. D) shows a 20-gallon drum in position for filling the tank. 

As was explained above, there are three main types of foam 
compound. More than one type of compound should never be 
employed at the same fire, as the different chemical compositions 
would result in each foam breaking the other down. Mixture of 
different types of compound before foam formation is also to be 
avoided, as this causes the precipitation of a sludge which may 
cause jets and strainers to become clogged. Even if this pre¬ 
cipitation is not serious in its consequences, the resulting liquid 
will in many cases not produce a stable foam on aeration. 

Experience at recent oil fires has shown that chemical and 
mechanical foam can, however, be used together without breakdown 
occurring. It is, none the less, advisable whenever possible to avoid 
mixing any two types of foam, and the usual practice where both 
]X)wder and foam compound are in use is to confine the foam 
produced by each type to different parts of the operations so that 
no mixing occurs. 

In order to obtain satisfactory results with foam-making equip¬ 
ment, scrupulous cleanliness is essential. Furthermore, if a practice 
solution has been used in any apparatus, such apparatus must be 
thoroughly cleansed immediately after use. 

Whenever the apparatus has been in use it must be emptied of 
any remaining foam compound and washed in clean water. As foam 
compound oxidises on exposure to air, forming a skin, it must not 
be poured back into the drum, but must be set aside for practice 
purposes as should the remainder in any open drum. Once a drum 
of foam compound has been opened it cannot be kept for use on a 
fire at a later date. 

2. CREATION OP MECHANICAL FOAM 

There are tw^o methods of creating mechanical foam ;— 

(cl) By means of a special branch known as a foam-making 
branch, which is used in conjunction with a fire pump and some 
form of injector, 
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(6) By means of a special pump which both mixes and 
aerates the foam compound and water, a normal branch being 
used. 

The former of these methods is that used in the National Fire 
Service. 

(o) Foam-making Branches. Four sizes of foam-making branch 
are in general use (Fig. 2) in the National Fire Service, and since 
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No. 0 F.B. 12 g.p.m. of water at 100 lbs. per sq. in. -f- A to ^ g.p.m. of 
foam compound gives 9S g.p.m. of foam. 



No. 2 F.B. 50 g.p.m. of water at 100 lbs. per sq. in. -f l| to If g.p.m, 
foam compound gives ^50 g.p.m. of foam. 



-- n 

-=.j 
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□ 


No. 10 F.B. 100 g.p.m. of water at 100 lbs. per sq. in. -f 3 g.p.m. foam 
compound gives BOO g.p.m. of foam. 


■C' 
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No. 20 F.B. 200 g.p.m. of water at 100 lbs. per sq. In. -f 
compound gives 1,600 g.p.m. of foam. 



6 g.p.m. foam 

- ^ 

□ 


No. 30 F.B. 300 g.p.m. of water at 100 lbs. per sq. in. -{- 9 g.p.m. foam 
compound gives 2,400 g.p.m. of foam. 


F^. 2. Foam branches. 


the method employed for introducing the foam comf)ound into 
the water stream \'aries with the size, each will be dealt with 
separately. The sizes arc :— 

L>ranch size 

No. 2 
No. 10 
No. 20 
No. 30 
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There is also a smaller size known as the No. 0, but as this is of 
limited value owing to its small capacity it will not be described 
here. It is used with the first-aid outfit and works on the same 
principles as the No. 2 model. 

(i) The 'No. 2 Foam-making Branch and Knapsack Tank. Tlje 
No. 2 size may be taken as the first example as it is the most 
generally u.sed model. In Fig. 3 is shown its general appearance, 
with knapsack tank and compound suction hose, and in Fig. 4, 
its working principles. 

The knapsack (Fig. 3), (a), which is used as a container for the 
foam c()ni[)ound, is carried on the back of the operator, has a capacity 
of 4 galluiis and is fitted with a quick-release cover (&) which permits 
rapid rcplcni.shmcnt. The cock (c) on this tank is for convenience 
when assembling or dismantling the equipment. The cover is 



Fig. 3. No. 2 roam-making branch in accion showing knapsack unk. 


provided with two vent holes whicli must be kept clean at all 
times, otherwise wdien the compound is being fed to the branch 
access of air above the liquid in tlie tank will be checked and the 
flow will cease. 

in 
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The foam-making branch (Fig. 4) may be divided into three 
principal parts, the water head at the base of the branch (a), the 
tapered mixing tube (6) and a cylindrical discharge tube (c). 



F\g. 4 . Diagram showing mixing of foam inside a No. 2 foam branch. 


The water head iiicurporates four water nozzles. Three of these 
are set at oblique angles so tliat the water from them issues in the 
form of a cone. In tlie centre of the w^ater head is the fourth nozzle 
wliicli contains an ejector. The water supplied to this nozzle passes 
through the ejector and draws the foam compound from the knap¬ 
sack tank. This particular water stream thus becomes charged with 
a predetermined mixture of foam compound and water. The water 
and compound fruni tliis nozzle strike the apex of tlie water cone 
formed by the obliquely set nozzles, thus mixing the compound in 
the centre stream with the water from the three outer streams. 
The impinging jets break up into spray, lilling the bore of the branch. 
As the spray moves at high velocity towards the discharge end a 
piston effect is produced which draws in air througli the space (d) 
pro\ided around the water head. This air mixes with the spray and 
the energy of the streams is used to j)rodiice the comjdete formation 
of foam. The main water inlet is provided with a cock [e) ; there 
is also a control cock (/) on the foam compound suction hose 
having three settings by means of which the consistency of the 
foam can be varied. 

The foam compound cock governs the quantity of compound 
passed to the centre jet, which, like all ejectors, operates most 
efficiently over a definite known range. Ejectors are calibrated on 
the No. 2 cock .setting, as this Ls the one most generally used. 

(а) The No. 1 setting is apt to vary slightly in capacity 
because its orihee, being smaller than the No. 2, makes exact 
calibration difficult. It should be used for practice purposes only. 

(б) The No. 2 setting produces suitable foam for oil and 
petrol fires. When dealing with petrol a moderate pressure will 
be found best, because the jet is then more easily controlled, there 
is less risk of splashing the spirit about and it is easier to obtain 
the foam covering blanket necessary to extinguish the fire. 
Where the longest possible jet is required, higher pressures would, 
of course, be used. 

(c) The full-open setting produces a foam with more " body." 
This, however, does not present any advantage when dealing with 
oil and petrol fires, as the object of any foam, whether mechanical 
or chemical, is to flow easily over the burning area. This is best 
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obtained by using the No. 2 setting as described above. 
Perliajis the best use for the fuller bodied foam is to act 
as a temporary fireproof covering for material surrounding the 
outbreak, whilst it is distinctly better when dealing with fires 
where alcohols and industrial solvents may be involved. 

The No. 2 setting delivers IJ g p.m. and the full-open setting 
if g.p.nri. of foam compound. 

The foam-making branch is thus under the complete control of 
the operator. When foam is required he opens both the water and 
the foam cocks. If water only is required he chi.ses the foam cock. 
When the lire is out he shuts off the water cock, thus saving unneces¬ 
sary water damage and eliminating the possibility of breaking down 
the foam blanket already formed. 

Kai.sing the water pressure increases the quantity of water used 
and, ill proportion, the quantity of foam produced per minute, but 
docs not j)roj)ortiijnately increase the amount of foam compound 
used. Water pressure as high as practicable should be used as more 
energy is applied to the actual formation of the foam, giving better 
aeration, and also because higher pressure makes for longer jets. 

The minimum water pressure at the branch for satisfactory 
operatitjn with this model is 60 lbs. per sq. in. At 100 lbs. per sq. 
in. 450 g.p.m. of foam is produced. All figures which ai% given for 
foam production, however, should be taken as only an approximation. 
Variations occur according to the temperature of the water supply, 
its degree of hardness and the presence of foreign matter. Foam 
can be satisfactorily obtained with sea or brackish water. 

(ii) No. 10 Foam-making Branch. It will be noted from Fig. 2 
that from the No. 10 size upwards the reference number multiplied 
by ten rejircsents the water capacity, or, multiplied by eighty, the 
foam production per minute. The percentage of foam comptiund 
used in normal operation is 3 per cent, in relation to the water 
employed, or 0-375 per cent, of the foam produced. 

As the No. 10 model uses 3 g.p.m. of compound it will be seen that 
the use of a knapsack tank would be impracticable, and any alter¬ 
native method of drawing compound direct into the branch from a 
container on the ground would greatly restrict the operator in his 
movements. 

Other methods of introducing foam compound into the water 
supply are therefore employed for this and the larger sizes of foam- 
malung branches. The items of equipment in most general use for 
this purpose at present are the inline inductor, the multiple jet 
inductor and the emergency pattern suction inductor. 

When one No. 10 branch only is in use it is an advantage to 
o]M:ratc from an inline inductor. When a larger number of branches 
is involved, or a larger size branch is employed, then a multiple jet 
or similar inductor should be used. 

Since the inductors introduce the foam compound into the water 
stream before it readies the branch, the No. 10 branch is not 
normally equipped with an inlet for foam compound. 

In certain spedal cases, however, No. 10 branches have been fitted 
witli sudi an inlet. A control cock similar to that used on the No. 2 
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branch is employed, but the leng^th of the suction is considerably 
longer, being often as great as 15 to 20 ft. The jet arrangement 
on the normal No. 10 branch is similar to that of the No. 2 branch 
except that no centre jet with ejector is fitted, since the cunijKJund 
is already mixed with the water entering the branch. No conimand 
cock is fitted on the water inlet. The principles on which aeration 
takes place are identical with those which apply to the No. 2 model. 


Mnged lid 
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Fig. 5. Above. Section through earlier model inline inductor with 
inductor mounted above liquid level. 

Below. Section through later model inline inductor on skids 
with adaptors for use if inductor is coupled to pump. 

The In'lin’e Inductor. The inline inductor take.s advantage 
of the fact that the pressure energy of a water system can be con¬ 
verted into velocity energy, with a consequent reduction of the 
pressure. The pre.ssure water in a line of hose is directed into the 
converging portion of the inductor (Fig. 5), where its velocity is 
sufficiently increased to ensure that at the throat a pressure is created 
below that of the atmosphere. This is the entry point for the 
foam compound, which is induced to flow along the suction pipe 
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and, meeting the high velodt)^ water jet, is carried forward as a 
combined stream into an expanding cone. Here its velocity is 
gradually reduced, with a consequent partial recovery of pressure, 
which pressure becomes available to operate the foam branch. 

It will be seen that the pressure on the delivery side of the inductor 
must always be less than the inlet pressure, because of the work 
whicli has to be done on the foam compound in raising its pressure 
from that of atmosphere to the delivery pressure. There is also a 
certain hydraulic loss due to eddies and other disturbances set up 
as the water pa.sses through the inductor. 

The volume of water passing through the whole system is con¬ 
trolled by the size of the water jets in the foam branch at the delivery 
end of the system, combined with the line pressure existing behind 
those jets. The size of tlie throat on the inductor must be deter¬ 
mined iiy this known volume of water to be handled, in order to 
obtain the velocity condition which will give a pressure below that 
of atiiiiispherc. It will be realised, therefore, that an inline inductor 
must l)e iLsed only with fr)am branches of the capacity for v'hich it 
was designed, and the inline inductor issued to the National Fire 
Service should normally be u.sed with the No. 10 h)am branch only. 
It would, however, be quite practicable if necessity arose (such as 
the knapsack tank l)eing damaged) to operate two No. 2 branches 
from an inline inductor, since tlic combined water and foam com¬ 
pound capacity of these would equal that f)f one Nt). 10 branch. 

The inline inductor proper is mounted at the side of or below a 




Fig. 6. Inline inductors. Left: old type. Right: new type. 

foam comjxjund tank (Fig. 6), haWng a capacity of 15 gallons. The 
whole j)iecc of equipment is generally known as the inductor. 

\Vlien using the inline inductor there is a pressure drop across 
tlie inductor of approximately 35 lbs., which means that for full 
efficiency a water pressure of approximately 135 lbs. per sq. in. 
should be available. 

To prevent water from the hose line flowng into the inductor tank 
in the event of unsatisfactory hydraulic conditions, a non-return 
valve is included in the suction pipe (Fig. 5). Tliis was originally 
of mushroom type but has now been replac^ by a flap-type valve 
which is unlikely to stick, a failing which is common in the former 
type, and is aggravated by the presence of sludge or grit in the 
compound. 
in 
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On the underslung tj’pe of inline inductor the suction pipe has 
also been adjusted to give greater clearance from the bottom of the 
tank, so that possible accumulations of sludge or foreign matter in 
the tank will cause less trouble. A special fitting is used to convert 
the old mushroom-valve t\"pe inductors to the flap-valve type. 

A pump capable of supplying 400 g.p.m. at a pressure of 135 lbs. 
per sq. in. would operate four inline inductors, producing, through 
four No. 10 foam-making branches, 3.200 g.p.m. of foam. The same 
pump could supply two inline inductors for foam production from 
one delivery vaive of the pump whilst using the otlier delivery valve 
for water jets as required. This method of fqx'ration is, however, 
undesirable (since the pressures required at the foam branch and at 
the w^ater jet may differ considerably) and .sliould only hi' resorted 
to in an emergency. 

To use the inline inductor— 

(а) Connect into hose line as described above, with the inlet 
coupling towards the pump and the outlet towards the branch- 
man ; fill the tank with foam compound. 

(б) Turn on water from pump. 

(c) When water is flowing through the inductor, i)[)en 
compound cock. 

(d) Keep inductor tank filled with foam coin|)ounfl. 
Normally, the best average position in a water system for an 

inline inductor is 20() ft. back from the foam l)ranch. 

An inline inductor will usually function with anything l)etween 
300 and 600 ft. of hose between itself and the branch ami working 
at this distance is in some circumstances an arh antage, as it enables 
the bulk of the personnel to work at a safe riisiance from the fire. 
The quantity of compound which the indiviilual inrluctrjr allows to 
pass varies, and the rate of consumption is sf)mr*times so high that 
even with 600 ft. of hose in use it is still neiajssary to regulate 
the cock to bring the amount of compound cnnsuined dr>wn to 
3 per cent. 

On the other hand, if the foam branch is to be used above ground 
level, e.g. on an upper licjor of a building or at the top of an oil 
tank, the effect will be to reduce the amount of foam compound 
drawn into the line. This can be partially olfset by increasing the 
pump delivery pressure or by inserting the inline inductor nearer 
the end of the line so that a reduction of friction loss between the 
inductor and the foam branch approximately compensates for the 
added delivery head. 

It is not desirable to construct equipment requiring too many 
adjustments to cater for all possible variations in operation. Cir¬ 
cumstances may arise which require sjjccial treatment, and the 
following hints may as.sist by indicating the line of action which can 
be taken by the well-trained operator. 

One instance is where the inline inductor is exceptionally near 
the delivery end of the system and foam compound in excess of 
actual requirements is being absorbed. This will be observed by 
the rate at which the level of foam compound falls in the inductor 
tank. A rough computation can be made, if this is desired, from the 
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fact that the tank is 15 ins. deep and contains 15 gallons. For the 
No. 10 size 3 g.p.m. should be used, that is, 3 ins. per minute. If 
the level is falling too rapidly, this can be corrected by partially 
closing the control cock. 

(iii) Nos. 20 and 30 Foam-making Branches. The only difference 
between the Nos. 20 and 30 branches and the No. 10 described above 
is in size, and consequently in the quantity of water and foam 
compound consumed. The comparative sizes and consumptions 
can be seen in Fig. 2. 

As the quantities of foam compound and water required by these 
branches are, however, too great to be supplied by an inline inductor, 
a larger type, known as the multiple jet or suction inductor, is 
employed to feed the foam compound into the water stream. 

In some jjarts nf the country a No. 30 elevating-type foam branch 
will be found. This is invariably used in conjunction with a large 
trailer pump. The compound can be induced into this model by 
means either of a multiple jet or similar inductor or an inline 
inductor with special adaptors to enable it to be used across the 
pump in the same way. 

Tlie arrangement of the inline inductor with these adaptors is 
shown in Fig. 5 \pelow), from which it will be seen that the conversion 
is a simple one, depending upon the provision of two adaptors, one 
on the inlet and one on the outlet. 

The inlet adaptor (inset, left) converts the 2J in. instantaneous 
inlet to 1-in. gas thread to which is coupled the 1-in. rubber hose 
leading from the delivery adaptor used with the multiple jet inductor 
(see later). The delivery adaptor (inset, right) converts the 
outlet to IJ-in. gas thread to which is connected the 1^-in. rubber 
hose leading to the suction adaptor. 

The essential feature of this adaption is the provision of a reduced 
bore water nozzle as part of the inlet adaptor. This nozzle enters 
the standard water nozzle of the inline inductor and has the effect 
of reducing the water passing through the inductor from 100 g.p.m. 
to approximately 30 g.p.m., which is a reasonable quantity to 
by-pass round the pump. 

The Multiple Jet Inductor. The working principle of the 
multiple jet inductor is identical with that of the inline inductor, 
but the inductor is not placed in the hose line, the necessary induc¬ 
tion being obtained by abstracting a proportion of water under 
pressure from the delivery side of the pump, passing it through the 
inductor (where it is charged with foam compound) and delivering 
it into the suction side of the pump. The inductor is therefore 
located at the pump and is under the direct control of the pump 
operator. 

In the head of the multiple jet inductor (Fig. 7) there is a nest of 
four small inductors each governed by its own control cock and 
each taking 7-d g.p.m. of water. Therefore, when the pump 
deli\%ry valve is opened, and also the valve on the adaptor on the 
pump suction, water circulates through the four inductors, and a 
by-pass circuit is created on the pump carrying 30 g.p.m. of water. 
In effect, approximately 30 g.p.m. of the pump capacity is being 
ue 
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short-circuited (approxi¬ 
mately 7 per cent, on a 
large trailer pump), in 
order to induce the jfoam 
compound into the sys¬ 
tem. It will be noted 
that it is well within the 
capacity of the large trailer pump to supply this 30 g.p.m. and at 
the same time to supply four No. 10 foam branches with the 
required water. 

The hydraulic conditions, therefore, across each inductor difTer 
from those of the inline inductor in that the delivery cone delivers 
to the low pressure of the pump suction, instead of to the high 
pressure of the line. 

It will be appreciated that if the pump were working on a suction 
lift, the foam compound would be drawn in automatically, without 
the aid of pressure water from the pump delivery. In fact a 5 ft. 
lift w'ould cause the correct amount to be induced through the 
suction pipe, control cock, throat and delivery cone of each inductor. 
But the amount of the induction would vary with the lift, and 
obviously would be much in excess at 25 ft. lift. 

To eliminate these variations automatically, connection is made 
to the delivery side of the pump so that the comparatively large 
pressure drop thereby available renders variation of the suction lift 
small enough to be negligible in comparison. The inductor can 
operate on positive pressures on the suction side iijj to 15 lbs. per 
sq. in. This positive pressure, however, should not be exceeded, or 
the amount of foam compound induced will be too small. 

It will be realised that in using this type of inductor, all water 
passing into the pump from the suction will be loaded with foam 
compound when one or more compound cocks are opened, and, 
therefore, the pump will be delivering a stream of water with the 
correct admixture of foam compound. The small percentage of foam 
compound in the water passing through the cooling system of the 
engine will not affect its efficiency but will, of course, discharge to 
waste. 

In these circumstances the pump cannot be u.sed for delivering 
water to supply ordinary water jets unless all the inductor cocks 
are closed. 

The inductor (Fig. 9) comprises a tank which may be of cither 
20 or 60 gallons capacity, to the top of which is fixed the unit which 
contains the inductors. Each inductor is equipped with an indi¬ 
vidual shut-off cock on the suction pipe which draws the foam 
compound from the tank. • 

The multiple jet inductors issued to the National Fire Service are 
calibrated to serve four No. 10 foam-making branches, in other 
words to charge up to 400 g.p.m. of water with the correct proportion 
of foam compound. This means that each inductor will draw 
3 g.p.m. of compound from the storage tank. With a pump capable 
of delivering 400 g.p.m. of water at a minimum pressure of 100 lbs. 
per sq. in. four No. 10 branches can therefore be used simultaneously. 
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Fig. 7. Diagram of four-way inductor head. 
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If, for instance, it is desired to use only one No. 10, then only one 
inductor control cock will be opened, the water head in the foam 
branch acting as a governor to the quantity of water delivered by 
the pump. 

As the water head in the No. 10 branch will only pass about 
100 g.p.m. at 100 lbs. per sq. in. nozzle pressure it follows that the 
pump will only be permitted to deliver 100 g.p.m., and, therefore, 
tlie .’1 per cent, foam compound induced into the pump will be 
exactly sulhdent to operate one No. 10 foam-making branch. From 
this it will be seen that, using a multiple jet inductor, any number of 
No. 10 foam-making branrlicjs from one to four can be operated. 

Further, a.s has been explained above, the No. 20 branch requires 
200 g.p.m. of water to feed it and the No. 30 requires 300 g.p.m. 
11 will thereff>re be readily appredated that the multiple jet inductor 
and one pump will operate two No. 20 branches or one No. 30 and 
one No. 10, beraTise either of these combined alternatives requires 
a water delivery of 4()() g.]).m. for the use of wdiich all four inductor 
control cocks will have to be open. Carrying the example a stage 
further, if it is desired to operate one No. 30 foam-making branch, 
then three inductor control cocks will have to be opened, giving the 
required 9 g.p.m. of compound. 

The multijde jet inductor should be got to work in the following 
manner;— 

1. Fit the adaptors (Fig. 8) to the suction inlet and delivery 
valve of the pump respectively. 

2. Connect the length of 1-in. rubber hose (r) (Fig. 9) from 
the adaptor (^^) on tlie delivery valve to the inlet of the inductor 
casing (^/). 

3. Connect the U-in. rubber hose [c) to the inductor outlet (/) 
and adaptor («) on pumj) suction. 


Fig. 6. Adaptors for coupling Inductor to pump. Loft: delivery 
adaptor. Ri^t : suction adaptor. 

4. Wlien the inductor is connected up, fill the tank with foam 
compound. 

5. Start and prime pump and run until 100 lbs, is shown on 
pressure gauge, then oj^n the valves in the following sequence :— 

(i) Delivery valve (g) connected by the adaptor and hose to 
the inlet on the multiple jet inductor. 

(ii) Valve (A) on the pump suction adaptor. 

(iii) As many inductor control cocks (j) as are required to 
supply the foam-making branches it is intended to use. 

IBP 
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Fig. 9. Multiple ]et inductor connected to pump. 

It may sometimes be necessary to work from sources of water 
supply under pressure. Any back pressure on the inductor causes a 
fading off of the foam compcjund input, but this may be compensated 
for, even at 20 lbs. positive pressure, by using two No. lO's, with 
three control cocks 0 ]>en, or three No. lO's with four control cocks 
in use. 

It may be desired to work off low-pressure mains which are at 
some pressure above 15 lbs. per sq. in. This can be done by only 
partially opening the hydrant valve until the vacuum gauge on the 
pump shows either a slight vacuum or a slight positive reading. 

An alternative methc^ of dealing with either low pressure or high 
pressure mains is to use portable dams. This is undoubtedly the 
most desirable method as involving no manipulation of valves, and 
should be used wherever the supply of d^s makes it possible. 
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These dams are fed by hose from the pressure supply in the ordinary 
way, and the pump takes its water from the dam, so that a steady 
suction lift is obtained on the multiple jet inductor. This method 
is also applicable to cases where relay pumping is a necessity. 

The Suction Foam Inductor. This inductor differs from both 
the inline and multiple jet types in that the foam compound is 
drawn into the water stream by the vacuum which exists on the 
suction side of a pump when it is working from open water. It 
couples into the suction line and a short length of suction hose is 
provided to bring the inductor near to the pump. 

The inductor (Fig. 10) consists of a 25-gaJlon tank (a) on which is 
mounted a short length of 4-in. diameter steel pipe (the suction 
tube) (6), fitted on the inlet side with a male 4-in. standard suction 
round-thread coupling (c) and on the outlet side with a female 
coupling [d). A large duct (e) feeds the foam compound from the 
tank through four separate pet-cocks (/) into the suction tube. 

The bore of these cocks is such that when a 15-in. vacuum is 
maintained in the suction tube sufficient foam compound is drawn 
up each cock to feed one No. 10 foam branch. Upstream [i.e., on 
the open water .side) of these supply tubes is a sluice valve (g) which 
can be adjusted to maintain a 15-in. vacuum when the pump is at 
work. A vacuum gauge [h) on the pump side of the valve infficates 
the amount of vacuum. A detachable strainer (;) is fitted in the 
tank inlet below the supports (A) which hold the foam compound 
drums. A cairying handle (/) is provided at each side of the 
inductor to facilitate transport. 



Fig. 10. Suction foam Indunor. 
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Any increase in vacuum over 15 ins., as would automatically 
occur when worki^ from lifts exceeding some 10 to 12 ft., merely 
results in a slight increase in the rate of induction of compound into 
the water stream and thus 3 nelds a slightly richer foam. 

The whole piece of equipment is mounted on skids similar to those 
employed on the new type of inline inductor. 

Instructions for operating the inductor are as follows :— 

1. Couple the inductor in the suction hose line to the pump, 
using the 4-ft. length of suction hose between the pump and the 
inductor. 

2. Make sure that the suction tube is not at a higher level 
than the pump inlet. 

3. Fill the tank with foam compound and see that all four 
j)et-cocks are closed. If it is desired to obtain an immediate 
discharge of foam from the branch, one of the cock.s can be 
opened before priming so that compound is drawn into the suction 
tube to mix with the water rising to the pump. 

4. Prime the pump in the usual way, after ensuring that the 
sluice valve is fully open (to prevent an air pocket behind the gate 
of the valve). 

5. Oi^en the pump delivery valve or valves. Then o[)en the 
throttle to bring the [)ump pressure up to 100 lbs. per sq. in. and 
simultaneously close the sluice valve on the inductor until a 
reading of 15 in. shows on the inductor gauge. 

6. Open one pet-cock for each No. 10 foam branch (or its 
equivalent) which is being supphed, i.c., 2 cocks for a No. 20 and 
3 for a No. 30 branch. 

7. Further adjustment to the inductor during operations is 
necessary only when the pump settings are altered, i.c., if the 
number of foam branches in use is increased or decreased. 

0. In cases where the static lift is equal to or greater than 
that which will give a total suction when pumping of 15 in. 
(t.ff., about 12 ft. static lift) the sluice valve should be left fully 
open. 

9. It is most desirable to work from open water whenever 
possible, and if a hydrant has to be used, the water should be 
allowed to discharge into a portable dam, if one is available, from 
which the pump can draw in the usual way. 

10. The consistency of the foam can be varied at will. If a 
wetter foam is requir^ decrease the vacuum reading on the 
inductor by slightly opening the sluice valve. To obtain a thicker 
foam open an additional cock, any further adjustments in the 
consistency being obtained as above. Do not operate the sluice 
valve to give a higher vacuum reading than 15 ins. 

11. Exhaustion of the foam compound in the inductor tank 
will be immediately apparent as air will be drawn into the pump 
and consequently the gauges will fluctuate violently. 

If it is impossible to avoid connecting the pump direct to a 
hydrant the inductor will operate satisfactorily provid^ the working 
pressure on the hydrant side of the valve does not exceed 25 lbs. 
per sq. in. At pressures above this figure it may be difhculr to 
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maintain a steady 15-in. vacuum reading, since the excessive 
throttling of the valve makes conditions unstable. 

Foam Inlet Adaptors. In certain localities a proportion of 
No. 10 foam branches are modified in order that they may be used 
with foam inlets. The latter are more fully described in the Chapter 
on “Fixed Firefighting Installations (Part II)/' but, briefly, consist 
of piping permanently fixed in position in certain buildings to 
convey foam from an inlet at street level to certain risks sucli as 
oil fuel tanks, etc. 

In the foam branches so modified the cylindrical portion of the 
branch (the discharge tube) is joined to the rear tapered portion 
(the mixing tube) by a screw connection. When used in connection 
with foam inlets, the discharge tube is removed and a foam inlet 



Fig. 11. Foam inlet adaptor. 


adaptor (Fig. 11) is connected in its place. This adaptor is then 
connected to the foam inlet and the foam branch operated in the 
normal manner to force foam into the permanent pipe system. 

(iv) Larger Sizes of Foam-making Branch. WliiJst the No. 30 
foam-making brancli is the largest issued to the National Fire Service, 
there is practically no limit to the size of any single foam-making 
branch, provided .sufficient water is available for operation. In 
general practice, however, where large-scale foam deliveries are 
required, it is better to have a number of the medium-sized branches 
rather than a few of large size. 

(6) Foam-making Pumps. In another 53^tem mechanical foam 
is pz^uced by means of a specially designed pump which performs 
the dual functlbn of mixing the foam compound with water and air, 
and creating sufficient pressure to project it on to the fire. This 
pump may be either a fixed installation or mounted on a trailer 
chassis, an independent power unit being used in the latter case 
and either a power unit or an electric motor in the former. A few 
examples may also be found mounted on the rear of an appliance, 
and driven by a power take-off similar to that in the normal fire 
pump. 

The pump employed in this system of foam production is of the 
fully rotary, positive displacement type (see the Chapter on “Pumps 
and Primers ”) and as with all pumps of this type a relief valve is 
employed to prevent excessive pressures being built up in the pump. 

The foam compound is fed by gravity from a tank and water is 
taken in the normal way from any available source. Air is drawn 
in at the same time via a large air inlet mounted above the pump. 
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The mixture of foam compound, air and water is passed through 
the pump, where a partial formation of foam takes place, and is then 
driven at a pressure of abt)ut 45 lbs. through a mixing chamber 
which is so designed as to bring about a consideni’ole fall in pressure. 
This reduction in pressure causes the air in the mixture to form 
masses of small bubbles giving a foam ready to apply to the lire. 
The final composition of the foam by volume is approximately 
90 per cent, air, 9-7 per cent, water and 0-3 jxt cent, foam com¬ 
pound. 

Two sizes of pumps are used. The first prrKliices 3(X> g.i).m. of 
foam from 30 g.p.m. of water and the second 450 g.]).ni. of foam 
from 45 g.p.m. of water. Some models can also be used in the 
normal way as a fire pump for water only. 

Ordinary unlined canvas hose and standard branches can be used, 
and the amount of foam supply can be rcgiilatt^ by means of a 
control cock. The quality of foam produced can also be \Trind, 
but the proportions recommended by the makers are 1 gallon of 
compound to 30 gallons of water. 

This type of foam-producing equipment Is not normally used in 
the National Fire Service, but may be encountcMwi at benzole 
producing and b^^-product plants and similar industrial undertakings. 
It may also be found at oil storage de|)ots (usually in fixed installa¬ 
tions discharging through sj)ecial spreaders inside the tanks) and 
Ls sometimes used by gas companies to protect the tar seals in 
waterless gas holders. 
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BREATHING APPARATUS 


I T is well known that if respiration ceases, either from an insuffi¬ 
ciency of oxygen in the atmosphere, or from some physical cause 
which makes breathing impossible (such as pressure on the throat 
or chest), then life cannot be maintained. It is equally well known 
that special apparatus can be used to support life in conditions under 
which it would otherwise be impossible for a human being to 
breathe. In order to understand fully the principles which govern 
the use of this apparatus, however, it is necessary to know something 
of the composition of the atmosphere and of the process of respiration 
itself. 

Breathing or respiration is a spontaneous action which, unless 
some physical cause intervenes, is performed automatically by tin; 
human body some fifteen to thirty times every minute from tln^ 
moment of its birth to its death. The body performs this action 
because it needs oxygen which is normally obtained only from the 
atmosphere. To obtain this, air must be drawn into the lungs, 
held for a sufficient time for the oxygen required to be absorbed, 
and then expelled. This process is known as respiration, and 
consists of two physical actions, inhalation (breathing in) and 
exhalation (breathing out). 

Inhalation is caused by the enlargement of the chest ca\dty, by 
which air is drawn into the lungs, and exhalation by the contraction 
of the chest cavity, which expels the air from the lungs. Inhalation 
is effected by a muscular effort which raises the ribs and at the same 
time coiitriiets the diapJiragiii, ihus increasing the capacity of the 
chest and cre ating a partial vacuum which causes the air to enter. 
Exhalation requires no muscular effort, as, when the breath is 
released, the ribs fall and the diaphragm rises of their own volition, 
thus lessening the capacity of the chest and forcing the air out. 

The atmosphere which is drawn into the lungs consists of three 
principal gases in the following proportions by volume :— 

Per cent. 

Nitrogen (and rare gases) .... 79‘04 

Oxygen . 20*93 

Carlx)n dioxide ..... 0*03 

It also contains small percentages of five other gases, such as 
argon, etc., but as these constitute a total of about 0-91 per cent, 
of the atmosphere, and, moreover, can only be separated from 
nitrogen with difficulty, it is usual for ordinary purposes to include 
them in the percentage of nitrogen. 

Tlie three main gases, nitrogen, ox}'gen and carbon dioxide, are 
readily separated, as they are not combined with each other. Wlien- 
cvcT the atmosphere is inhaled, therefore, nitrogen, oxygen and 
carbon dioxide are drawn into the body in these proportions, 
las 
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The sustenance which the body requires from the atmosphere is 
derived from one of its constituents only, oxygen. Nitrogen takes 
no active part in respiration at ordinary pressures, being merely an 
inert gas which passes in and out of the bod}^ practically unchanged, 
whilst carbon dioxide, although it has a valuable function as a 
respiratory stimulant, is actually produced by the process of 
respiration in greater quantities than it is supplied by the 
atmosphere. - 

The function performed by oxygen in maintaining life is extremely 
complicated and is difficult to describe without using medical 
phraseology. To put it in the simydest form possible—tlie body 
may be likened to a great number of small chemical engines eacli of 
which needs fuel and oxygen to keep it running, and an e.^baust to 
caiT\^ away the fumes. Every time a muscle is used, whether for 
walking, slec])ing, eating, breathing, or other bodily function, one 
of these engines is started and fuel anti oxygen must be suppl’?rl to 
it. The fuel is provided by the digestive system, and the o.wgen by 
respiration. At the sLime time a quantity of carbon dioxide and 
other w’aste products is given off. 

The transfer of the inhaled oxygen from the lungs to these engines, 
or in effect, to the muscles, is effected by the blood, which in its 
circuit of the \)ody yiasses through the lungs, where it absorbs a 
certain quantity of ox 3 ^gen. This oxygen travels witli the blood 
through the main arteries to the lesser arteries, and finally into a 
vast netw'ork of blood vessels known as capilhiries. These vessels 
have very thin walls through which a continual discharge of oxygen 
and assimilation of carbon dioxide takes place. 

As was exydained above, carbon dioxide and other waste products 
are given off in this process and these are absorbed into tlie blood 
through the cayullaries, the oxygen carried by the blood being given 
off at the same time. The blt^, which has now changed from a 
bright to a dark red, is then driven back by the action of the heart 
to the lungs where the carbon dioxide is given off (and exhaled) and 
a further supply of oxygen taken up. 

In this process the composition of the air changes from :— 


Nitrogen 

Ox^^gen 

Carbon dioxide . 

to approximately :— 
Nitrogen 
Oxygen 

Carlin dioxide . 


Per cent 

. 79-04 

. 20-93 

. 0-03 


79-04 

4-00 


That is to say, about 4 per cent, of oxygen is absorbed and an equal 
amount of carbon dioxide given off. There is often a slight increase 
in the percentage of nitrogen, derived from the waste products of 
nitrogenous foodstuffs which are assimilated by the blood at the 
same time as the carbon dioxide. 

The amount of oxygen required by the body to cany out these 
processes varies ^ith the amount of work performed. If the body 

7 187 



MtlATHINO APPARATUS 


part I 


is resting, only the involuntary muscles governing the action of the 
lungs, the heart and the digestive organs are being used and conse¬ 
quently very little oxygen is required. As soon as the body becomes 
active, more muscles are used, a greater quantity of carbon dioxide 
is produced and a larger supply of oxygen is required. 

Table I is compiled from a series of experiments undertaken by 
the late Professor J. S. Haldane, M.B., F.R.S., and gives an indication 
of the variation in oxygen consumption and air respired for varying 
degrees of exertion. 

Table I 


DcgrcK of exertloD 

OxyifeD 
con sullied 
per niiiuitc 
in hires 

Air breathed 
(icr niiiiLite 
in litres 

Vnlumc of 
air at each 
respiration 

Number of 
respirations 
per luijiuio 

Uust in bed .... 

0-237 

7-7 

0-457 

IG-H 

Itcst. .sLanding 

0-328 

10-4 

0-612 

17-1 

Walking at 2 inilea per hour 

0-780 

18-0 

1-27 

14-7 

Walking at 3 miles per hour 

l-OOfi 

24-8 

i-5:» 

10-2 

Walking at 4 miles per hour 

1-5115 

37-3 

2-00 

lS-2 

Walking at 5 miles per hour 

2-543 

60-9 

3-14 

111-5 


No/tj.^-28-3 litres * 1 cu. ft. 


Tn heavier work, such as ascending an incline or running, the 
oxygen consumed may amount to 3 litres per minute, while the 
volume of air breathed may reach over 100 litres per minute. 

From these data it Ls clear that in order to enable a man wearing 
breathing apparatus to walk along a level road at an ordinary speerl 
of 3i miles per hour, an oxygen supply of 2 litres per minute is 
needed to prevent risk of shortage of oxygen supply. 

There are three fundamental facts which govern the efficiency of 
self-contained breathing apj)aratus :— 

1. That not less than 2 hires per minute of oxygen, or a 
corresjwndingly greater volume of air, must be supplied for normal 
expenditure of effort. 

2. The volume of carbon dioxide given off increases con¬ 
siderably with muscular exertion, and provision must be made lor 
its effective removal. When a set is not of the closed circuit type, 
I.C.. when the exlialed air is expelled to the atmosphere, tliis 
provision is, of course, unnecessary. 

3. The volume of air breathed increases rapidly with exertion 
above a normal amount, and provision must be made in the 
apparatus for an increased supply when required. 

The function of breathing apparatus is to enable the wearer to 
work in an atmosphere which would not otherwise support life. 
The necessity of such an apparatus has long been appreciated, and 
primitive devices of various kinds were in use as long as a hundred 
years ago. The earliest types consisted oi a muzzle fitting to the 
mouth w'ith valves connected to which were tubes the ends of which 
remained in the outer air. This type was used for a considerable 
!■ 
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Fig. I. Left; breathing bag. Centre : smoke jacket. Right : typical smoke 

respirator. 


period, in default of anything better, but suffered from the disad¬ 
vantage that the energy required to overcome the friction of tJie air 
passing through the pipe had to be provided by the respiratory 
efforts of the wearer and breathing was consequently extremely 
difficult, ^^'ith improvements in the design of the face or mouth¬ 
piece and of the tubing, how'cver, this type returned to favour. 

A later development consisted of an air bag carried on the fire¬ 
man's back, which enabled the wearer to enter a smoke laden 
atmosphere and remain in it for two or three niiniife.s by breathing 
and rebreathing the same atmosphere (Fig. 1, left). The intake 
was at the bottom where the air was cooler, the exhaled air being 
returned to the top. 

A more complex apparatus consisted of an airtight helmet and 
jacket of cowhide fitted with a hose-couy)ling to which air, instead of 
water, was pumped from an appliance through the ordinary delivery 
hose (Fig. 1, centre). In this type the exhaled air escaped down 
under the skirt of the jacket and helped to keep the wearer cool in 
hot atmospheres. The defects of these two types are apparent. 

A real attempt to master the problem was made in 1675 when 
Professor Tyndall, in conjunction with Sir Eyre Mas.sey Shaw, 
devised and introduced a " smoke cap," which was in fact the first 
respirator. Tliis was similar in essentials to modem respirators, 
consisting of an airtight hood into which air was drawn from the 
atmosphere via a canister containing filtering elements. 

All the earlier types of breathing apparatus were dependent upon 
a supply of oxygen from the atmosphere for their success. It was 
originally thought, from an insufficient understanding of the prin¬ 
ciples of respiration, that a respirator which would filter smoke and 
otiier gases would be effective under all conditions. 

It was not realised that the greatest danger at a fire was due to 
oxygen deficiency, which nothing but a supplementary supply of air 
or oxygen could remedy. At least 16 per cent, of oxygen is necessary 
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to support life, and where, due to combustion, the percentage in the 
air is reduced below this figure only apparatus which will provide 
its own supply of air (or oxygen) will enable the wearer to continue 
at work. 

Apparatus depending on a self-contained supply of oxygen was 
produced for use in mines as early as 1801, but this type of breathing 
apparatus was not widely adopted for Fire Service use until after 
the first world war. The superiority of the self-contained 
apparatus is now generally recognised, and the greater part of this 
chapter will therefore be devoted to sets of this tyj)e. 

The breathing apparatus used by the Fire Service to-day falls into 
tw'o main categories :— 

The atmospheric type, by which atmospheric air is furnished 
to the wearer by his own or another’s effort. 

The self-contained type, by which air or oxygen in highly 
compressed fi>rin is furnished to the wearer from an independent 
supjdy carried on the apj)aratus. 

In some sets, used to a limited extent in mines, the oxygen is 
carried in liquid form and evaporated as required. 

These two main categories can be further subdivided as follows :— 

ATMOSPHERIC TYPES 

1. Respirator or air-filter type masks. 

2. Equaliser tube apparatus. 

3. Bellows type smoke helmets. 

SELF-CONTAINED TYPES 

1. Peroxide type respirators. 

2. Open circuit self-contained types, in which the exhaled air 
is discharged into tlie atmosphere. 

3. Closed circuit self-contained types, in wdiich the exhaled 
air is returned to a breathing bag, regenerated, and used again. 

ATMOSPHERIC TYPE BREATHING APPARATUS 

I. RESPIRATOR OR AIR-FILTER TYPE 

This class of apparatus, generally known as a " smoke mask,'’ is 
rapidly becoming obsolete for Fire Service use, as it can only be 
employed vdih s^cty in atmospheres containing not less than IG per 
cent, of oxygen. All this type of apparatus derives from tlie first 
respirator produced by Professor Tyndall, the principle of air 
filtration being common to all. Tlie apparatus consists essentially 
of a mouthpiece or facepiece to which air is supplied by a breathing 
tube from a canister containing charcoal, lime, glycerine or other 
substance. A typical smoke respirator is shown in Fig. 1 
Considerable variation is found in the elements used in the filler, 
and in the type of mask, which may consist of anything from an 
elementary mouthpiece and nose-clip to a complete hood. 

The general serv'ice and civilian duty respirators fall into this 
category, but are, of course, designed for use in the open air, and 
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against gases which are unlikely to be encountered in large con¬ 
centrations. 

The canisters with which they are fitted are designed to give 
protection against both true gases and the “ particulate " war 
gases which are not true gases but consist of solids in an extremely 
tine state of divL^ion. 

The filter which gives protection against the “particulates” con¬ 
sists of a wad of very tine absorbent material to the fibres of which 
the fine particles of particulate adhere. For this reason these 
respirators should ne\er be used as a jjrotection against smoke, 
since the particles of which smoke is coin]iosed are very much larger 
than those of a particulate war gas and would clog the absorbent 
filter. Moreover, if tlie respirator is used for a short time only the 
effect might not become apparent, but the canister might none the 
less prove inelTcctive if used at a later dale in a concentration of 
particulate gas. 

2. EQUALISER TUBE APPARATUS 

This is an apparatus by which the wearer draws a supply of air 
from the atmosphere by liis own effort. It is designed for work at 
a short distance from fresh air only. A tyf)ical a|)panLtus (Fig. 2, Ivjt) 
roniprises a facejjiece, with non return outlet valve for llic passage 
of the exhaled air and a flexible corrugated tube of rubber covered 
externally with ela.stic fabric and connected to the base of the face- 
piece to which is fitted a non-return inlet valve. Thi,s tube pas.ses 
down in frtint of the body and is cminected tf> an adaptor fixed on a 
leather belt strapped around the waist of tlie wearer. A length of 



Fig. 2. Left: equaliser type breaching apparatus. Right: bellows type amnlce 

helmet. 
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strong wire-embedded air pipe, the bore of which is smooth in order 
to reduce resistance to inhalation, is connected to this adaptor. 
The free end of this tube, which is usually 60 ft. long, but may be 
120 ft., is secured in fresh air, a strainer being fitted to prevent the 
ingress of foreign matter. A mouthpiece fitted with the appropriate 
valves is often preferred as giving a more direct and positive suction 
effect on inhalation. 

From the illustration (Fig. 2, left), it can be seen that the operator 
requires no assistance when working in this apparatus, but it is of 
paramount imfxjrtance that tlie free end of the pipeline is in pure air 
and a man should always be left in attendance at the free end to 
ensure that it is not tampered with, or moved into an impure 
atmosphere. 

Advantages : 

(а) Cheapness in first cost, and no maintenance costs. 

(б) Comparatively light in weight. 

(c) No air valves to manipulate. 

{d) No limit of time in which to operate. 

Disadvantages : 

(а) The air tubing has to be trailed behind the wearer thus 
restricting his movements to a certain extent and limiting the 
distance to which he can travel. 

(б) The air tube may be cut or damaged by falling debris or 
other causes. 

(c) The supply of air is dependent on the respiratory efforts 
of the wearer and may involve considerable exertion. 

i. BELLOWS TYPE SMOKE HELMETS 

There are various types of smoke helmets in use in the Fire 
Service but all are similar in principle and operation. A popular 
type consists of a simple headgear blocked out of hide which fits 
over the head of the wearer, hood fashion, and has an arrangement 
inside the crown by which the helmet can be adjusted to fit ^ sizes 
of heads. A piece of soft leather attached to the base of the helmet 
which is tucked in under the wearer's tunic or coat, effectually seals 
the lower part of the helmet from surrounding air. In the front are 
fitted small clear mica windows in aluminium-hinged frames which 
give a wide field of vision and are made so that they can be instantly 
opened and closed with a special locking device (Fig. 2, right). Air 
enters the helmet by means of breathing tubes at each side of the 
helmet which pass back over the shoulders of the wearer and are 
connected to the air pipeline. The pipeline then passes through a 
metal clip attached to a belt that is worn around the waist of the 
wearer. This clip firmly fixes the pipeline, so that any strain on 
the line is taken by tlie belt, to prevent the helmet being dragged 
out of position. An exhaling valve is fitted on top of the helmet to 
allow the escape of excess and vitiated air. 

The air pipeline is non-collapsible, having embedded wire or 
armouring, and metal couplings. It is connected to a set of bellows 
which can be of pedal, hand^ or sometimes power operated type; this 
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is situated in pure air and with the efforts of a second person 
sup Julies a continuous flow of fresh air to the wearer of the apparatus. 

This apparatus has been used extensively for dealing with fires 
on board ships and has proved to be satisfactory in working in 
noxious atmospheres, but is, however, being superseded by tlie self- 
contained breathing set for Fire Service use. 

Advantages: 

(a) It is cheaper than self-contained apparatus and there arc 
no maintenance costs. 

(!1») There is a minimum possibility ot mechanical defects. 

(c) The wearer has no valves to manipulate and no dead 
weight to carry on the body. 

(ff) There is no limit to the supply of air and the apparatus 
can therefore be worn for prolonged pcrifxis. 

(tf!) Owing to the complete covering of the face and head 
these arc protected from dangerous fumes such as th'^se of 
ammonia which might bum the skin. 

(/) In hot atmospheres the constant supply of cool aii gives 
protection to the wearer against heat stnike. 

(g) 'Ihe wearer can find his way out of the building by 
following the tubing. 

Disadvantages : 

(а) The constant supply of air is always dependent njK.>n a 
second person. 

(б) The air tubing has to be trailed behind the wearer thus 
re.stricting his movements to a certain extent and limiting the 
distance to which he can travel. 

(c) The air tube may be cut or damaged by falling debris or 
other causes. 

(d) The apparatus as a whole is somewhat bulky to stow. 

SELF-CONTAINED BREATHING APPARATUS 

I. PEROXIDE TYPE 

This type ot apparatus has not been widely developed, but a few 
sets are in use in the Service and mention should therefore be made 
of it here. It consists of a normal respirator-type facepiece, 
breathing tube and canister. This canister, however, instead of 
containing charcoal or other filtering agent is filled with chemicals 
(the peroxides of sodium and potassium) which evolve oxygen and 
absorb carbon dioxide when breathed upon. The effect is therefore 
to give a partiaUy self-contained character to the mask. 

There are, however, disadvantages to this type of set which have 
not yet been overcome, and which render its use impracticable for 
sustained firefighting work. These are ;— 

(а) That respiration is extremely difficult, 

(б) Owing to the fact that the reaction of the peroxides is 
exothermic, considerable heat is produced, which renders the set 
uncomfortable, and in some drcumstances even dangerous, to the 
wearer. 
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(c) The peroxides do not react immediately, so that some 
minutes elapse before oxygen is evolved in sufficient quantity to 
support life. The wearer is therefore in danger of being 
asphyxiated if he attempts to work immediately after donning the 
apparatus. 

2. OPEN CIRCUIT SELF-CONTAINED TYPE 

This category comprises all types of breathing apparatus in which a 
supply of oxygen or compressed air is fed to the wearer from cylinders 
or other containers and expelled into the atmosphere. This type 
of set is known as the " open circuit type, to distinguish it from 
other types, to be described later, in which the air is returned into 
a breathing bag, and regenerated by means of chemicals instead of 
being exhaled. There is no regenerative action necessary with the 
op)en circuit type of apparatus, since the carbon dioxide in the 
exhaled air is expelled into the atmosphere. 

There are two princi])al types of compressed-air breathing 
apparatus sets in use in this country. One of these is of foreign 
manufacture, and was the original set of its type, the other being an 
English apparatu.s. The latter is, however, described first as it is 
the one more widely used in the Fire Service. 

(o) Compressed-air Breathing Apparatus. (Type One). This con¬ 
sists of a facepiece, a lung-controlled respiratory system, and 
a harness on which are carried an interchangeable pair of air 
cylinders (Fig. 3). 

The facepiece is similar to that of the general service type 
res])irator. It is made from moulded rubber reinforced by a stocki¬ 
nette covering. The lenses, which are removable, are of splinter- 
proof safety glas.s, and misting is reduced, as in the service facepiece, 
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by the cool inhaled air being deflected across the inner surfaces of 
the lenses through a channel moulded into the facepiece. The 
exhalation valve is controlled by a spring which maintains a slight 
positive pressure inside the facepiece. 

The lung-controlled respiratory system consists of a composite 
rubber. diaphragm reducing valve, controlled by a lever (fl) ; a 
breathing bag (i>) ; a warning whistle (c) , a pressure gauge (rf), with 
flexible tube (e). The action of these parts in controlling the supply 
of air to the facepiece is clearly shown diagrammatically in Fig. 4. 
The air flows from the cylinders through the reducing valve (/^) and 
into the breathing bag. The rise and fall of this bag (which is 
governed by the rate of breathing) raises or depresses the lever (fl) 
and so closes and opens the reducing valve which regulates the 
amount of air passed in accordance with the 
requirements of the wearer. The amoun t of 
this automatic supply is determined by a 
governing screw on the lever, which deter¬ 
mines at what point in the travel of the 
lever the reducing valve opens or closes. 

The reduction in the pressure of the air 
from the liigh pressure in the cylinder to a 
breathable pressure is brought about by the 
action of the lever in opening and shutting 
the valve. 

When the control valve is first opened a 
quantity of air flows from the cylinder into 
the breathing bag. This air, although it 
leaves the cylinder at a high pressure, will 
not retain tliis pressure in the breathing 
bag since it has there a comparatively large 
space in which to expand. 1 f air was allowed 
to go on entering the bag the pressure would 
gradually increase until eventually the bag 
burst. Before a suflicient quantity of air 
enters the bag to build up such a pressure, however, the distension 
of the bag raises the lever and so closes the reducing valve. 

When the wearer takes a breath the bag collapses and the lever 
falls, thus opening the reducing valve and allowing more air to 
enter the bag. The reducing valve is thus continually opening and 
closing for as long as the bag is in use. 

The complete re.spiratQry system is contained in a hinged metal 
casing (g), which is easily opened for inspection by withdrawing 
tile loop-ended pin (/i) at the side of the casing. 

.^The air cylinders (;) are of seamless manganese steel, each having 
a water capacity of 4 litres, and arc inter-coiinectcd by means of a 
bridge-piece (^) fitted in the middle with a common control valve (f) 
governing the flow of air. Each cylinder is tested to withstand a 
pressure of 3,000 lbs. per sq. in. and the bursting pressure is in the 
neighbourhood of 5,800 lbs. per sq. in. The two cylinders are 
joined by metal braces (m), the lower one being fitted with a soft 
rubber sponge pad (n) to form a back rest. 

Its 



Fig. 4. Simplified diagnm 
showing air circulc of 
open circuit compressed- 
air breathing apparatus. 
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In use, the cylinders are normally charged with air compressed to 
120 atmospheres (1,B00 lbs. per sq. in.) equivalent to 954 litres of 
free air, or a supply sufficient for between 20 and 30 minutes under 
working conditions equivalent to walking at 4 m.p.h. 

It is now permissible to increase the pressure in manganese steel 
air cylinders to 150 atmospheres (2,250 lbs. per sq. in.) and this will 
increase the time from 20 to 30 minutes to 24 to 36 minutes assuming 
the same conditions. 

The cylinders and respiratory system are carried on the wearer’s 
back by means of a leather harness, comprising two shoulder straps 
(o) and belt (^), which is fitted with a D " ring for a lifeline (^) and 
a pouch (f) to carry the .sparmer which is required for tightening up 
the cylinders to the respiratory system. 

The complete apparatus weighs 44^ lbs. 

Assembly. The apparatus is assembled as follows:— 

(i) Lay the cylinders on a table or other support, with the harness 
downwards. Insert the tongue on the top of the casing into the slot 
on the upper cylinder brace, keeping the nameplate on the casing 
upwards. Couple up the union on the bottom of the casing to the 
milled union of the cylinder bridgepiece and tighten firmly with the 
spanner. Connect the comigat^ tube on to the air outlet of the 
casing, making sure that the rubber washers are in place, and tighten 
sufficiently to make an airtight joint. It is immaterial which end 
of tlie tube is connected to the outlet as both are identical. 





CHAFTER II 


■lUATHINO APrARATUl 


Before proceeding further, the assembly should be tested for air¬ 
tightness. To do this, hold a thumb firmly over the free end of the 
breathing tube and open the cylinder valve slowly (not more than 
half a turn). The air will be heard entering the respiratory system, 
and a reading of the pressure gauge should be taken to ascertain the 
amount of air in the cylinders. Any escape of air from the cylinder 
union will be heard immedi^ely, and should be rectified by tighten¬ 
ing the joint. The valve should then be shut, and the thumb lifted, 
when the air will escape from the respiratory system via the tube. 
The pressure gauge should be watched as the air is escaping to make 
sure that the whistle sounds as the needle passes the 300 lbs. mark. 

(ii) Slip head through the tape sling on the facepiece ; put on the 
facepiece and test it for air-tightness by closing the screw union with 
the thumb and inhaling. The facepiece should then be taken off 
and left hanging from the sling in the " Alert " position. 

(iii) Attach the pressure gauge to the left shoulder strap, and hook 
the strap on to the cylinder-carrying arm, leaving the right strap 
free. Stand the set ujiright on the edge of a table or other support 
and put on like a pack, by inserting the left arm through the shoulder 
strap and then securing the right shoulder strap to its carrying 
arm (Fig. 6, le/l). 

(iv) Secure the belt and attach breathing tube to the facepiece, 
making sure that it is in a straight line so that the tube is not 
tuisted. 

(v) Put on facepiece and at once open cylinder valve slowly by 
reaching back with the right liand. Before entering a toxic atmo¬ 
sphere a pressure gauge reading should be taken (Fig. 5, right) to 
ascertain how much air is availalde. Since the set is lung operated, 
the length of time which the cylinders will last is dependent on the 
depth and rate of respiration of the wearer. Provided fully charged 
cylinders are employed, protection should be obtained for between 
20 and 30 minutes. 

The amount of air remaining in the cylinders at any time can be 
ascertained by taking a pre^^ure gauge reading. Tliis gauge is 
calibrated in lbs. per sq. in. and in atmospherc.s. In addition a 
red line is inscribed at 1,800 lbs. to indicate that the cylinders are 
full; a blue line at 1,100 lbs. to indicate half-full; and a black line 
at 300 lbs. as a warning that the supj)ly is running low. The position 
of the pressure gauge needle in relation to these lines gives an imme¬ 
diate indication of the amount of air remaining in the cylinders. 

An additional warning to the wearer that the s»ipply is running 
low is given by the whistle incorporated in the resjjiratory system, 
which is set to sound as the pressure gauge ne^le reaches the 
300 lbs. mark. Under normal working conations approximately 
five minutes supply of air is available when the whistle sounds. 

Changing Cylinders. Wlien the cylinders are exhausted they can 
be changed very simply as follows :— 

(i) Remove set and lay on table or ground. Unscrew milled 

union nut and remove respiratory system. 

(ii) Attach fresh cylinders to respiratory system, by screwing 

up milled union nut. 

If7 
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(iiij Uncouple harness from old cylinders and assemble as 
before. 

The cylinders can also be changed in an emergency in a toxic 
atmosphere without interruption of protection but this is not 
recommended as a general practice. To effect this ;— 

Unsling harness and lay cylinders on the ground \idth the 
resjjiratory system upwards (by assuming a kneeling position it is 
quile easy tr^ do this without removing the facepiece) ; remove 
the blank cap on the two way union and attach a pair of charged 
cylinrlLTs as described alx)ve. The valve on the fresh cylinder 
can now be tjpeiUM;!, wtien llie higher pressure which they contain 
will imrnerliately push over a sliding valve in the union and shut 
oil the spent cylinders. Tlie sjxint cylinders can now be removed 
and the blank cap replaced on the screw union. 

When the set is put on again it will be found that the po.sitions 
of tlie breathing lube and the pressure gauge have become reversed, 
Ihc latter now coming in the right shoulder strap instead of the left. 

A clip is fitted on both right and 
left shoulder straps to accom¬ 
modate the gauge in either posi¬ 
tion. 

Regulation of Air Supply. Th e 
reducing valve and lever are .set 
by the makers to give an air 
supply sufficient for normal exer¬ 
tion. An increased supply can 
be obtained if it is known that 
the set is to be worn under 
excei)tionally arduous condi¬ 
tions, by means of a governing 
screw on the lever (Fig. 0). To 
increase the amuunl of air de¬ 
li vcretl the screw should be turned in a clockwise direction. A 
qiianer of a turn will usually be found to give sufficient variation. 
There is a small lock nut beneath the governing screw which must 
be slacked off to effect this adjustment. When a satisfactory supply 
has been achieved this lock nut should be carefully tightened, 
holding the governing screw with a .screwdriver at the same time 
to prevent the adjustment being disturbed. 

U7iis//t’. The warning whistle is set by the makers to 
sound when the ]iressiire falls to approximately 300 lbs., which 
should give a further tivc-mimite supply under normal working 
conditions. If considerable energy is being expended, the remaining 
sujiply will inevitably last for a shorter period, and it may be 
desirable in such circumstances to alter the setting so that the 
whistle siuimls at a higher pressure. 

To effect this adjustment, remove the slotted cap on the end of 
the whistle block, beneath which will be found an adjusting screw. 
To increase the pressure at which the w'histle sounds the screw 
slioiikl be tiimixl in a cltx*kwise direction. The effectiveness of the 
aiijiistincnt can l>e tested by turning on the cylinder valve for a 



Fig. 6. Use dF adjusting screw for regu¬ 
lating the air supply on open circuit 
compressed-air breathing apparatus. 
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moment and then shutting off. The whistle will sound as the 
pressure gauge needle passes the new setting. 

Reducing Valve. Tlie setting of the reducing valve is extremely 
delicate and no attempt should be made to interfere with it. If any 
defects arise the valve should be returned to the makers for 
readjustment. 

Recharging Cylinder. Empty cylinders can be recharged by the 
suppliers of the set, or by means of a suitable three-stage coiii- 
prc.ssor w^hich can be oj^erated by Fire Service pci-sonnel with the 
necessary’ training. An empty cylinder can be charged in about 
ten minutes by such a small portable comj)ressor. It is im|)ortant 
that compressors used for charging cylinders should be hltal with 
an air filter and a moisture and oil separator to ensure that only 
clean, dry air is charged into the cylinder. Air intakes on stationary 
compre.s5ors should be led in from outside the charging room at a 
heiglit which will ensure that the air drawn in is not conlanvnnted 
in any way. It is important that the air compressor shall be kept 
in lirst-class running order and that under no ciiTumstaiiLe:, is it 
allowed to overheat. Under such conditions dangerous quantities 
of CO might be })r(xluced by the decomposition of the lubricating 
(<il and these would be compressed into the CN'linders and might 
poison the wearer. 

(b) Compressed’Oir Rreathing Apparatus (Type Tw'o). Thi.s ty|)e 
of compressed-air breathing apparatus (which is of foreign manufac¬ 
ture) is similar in essentials to the first set described above, detail 
differcnce.s only characterising the two types. 

The set comprises a similar lung-controlled respiriitorv system, 
interchangeable cylinders and respirator type facepiece, the opera¬ 
tion and maintenance of which are identical with those described 
above. The following .slight differences .should, however, be noted :— 

(i) The facepiece is of a different pattern, being coastructed 
of moulded rubber, and having no stockinette covering. The 
lenses are of mica, and although removable, are of a different 
type, being secured by a steel ring held in ]X)sitirjn by a small nut 
and bolt. The breathing tube is also of uncovered corrugated 
rubber, and is permanently secured to the respiratory system, the 
facepiece end only being removable. 

(ii) The respiratory system is similar in o|>eration and 
construction, but the whole system is reversed, the reducing valve 
and breathing tube being on top instead ot on the bottom. The 
aluminium casing is also in two pieces, joined by four nuts and 
bolts and not hinged. 

(iii) Tile cylinders are of lighter construction than those used 
with the type previously described and the charging pressure 
specified by the makers is 3,000 lbs. per sq. in. Such pressures do 
not comply with the Home Office Statutory Rules and Orders, 
and would not be permissible in Great Britain. The cylinders of 
this type, when used in Great Britain, must therefore be charged 
to the pressures specified above for the previous type. 

Owing to the lighter coiLstruction of the cylinders the set weighs 
less than the first type, namely 27 lbs., and due to the higher charging 
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pressure gives a longer supply. Tlie position of the main air control 
valve (in the middle of the shoulder blades) is awkward and a person 
with short arms may find difficulty in reaching it. Also, the con¬ 
struction of the respiratory chamber casing makes rapid inspection 
impossible as it has to be dismantled before the cover can be 
removed. 

(c) Other Compressed-afr Breathing Apparatus. Sets of breathing 
apparatus employing compressed air are also made with no 
respiratory chamber or brealliing bag, the amount of air supplied 
to the wearer being regulated by means of a line thread screw valve 
on the cylinder. This valve serves the double purpose of main 
control and reducer. 

Sets of this type can, however, only be regarded as emergency 
short-tenn apparatus, as they carry a supply of air sufficient for a 
maximum of abrnit 15 minutes of normal exertion only. 

The advantages of the compressed-air type of apparatus described 
in (a) and (b) above are :— 

(i) Having an independent supply of air the wearer can 
move about freely, unrestricted by breathing tubes or by doubts 
as to the efficiency of the canister against the particular 
atmos|)hcric conditions in which he is working. 

(ii) It is extremely simple in assembly and op>eration and 
relatively little training is required for men to become proficient 
in its u.se. 

(iii) Spent cylinders can be changed very simply and quickly 
(if necessary in a toxic atmosphere without interruption of 
supply) and there are no chemicals to discard and replace after 
use. The whole apparatus can be made ready again for use in 
one minute, 

(iv) The cylinders themselves are easily recharged. Small 
portable compressors can be employed to charge the cylinders 
locally. This obviates the necessity for sending cylinders away 
and thus effects coasiderable economy in tlie need for maintaining 
large stiH'ks of spare cylinders. 

(v) As no chemical action is involved the air breathed tends 
to remain cooler, even when working in a heated atmosphere. 

(vi) The use of a respirator-type facepiece frequently enables 
men working together to convey information by word of mouth 
instead of by signals, which is not only more convenient but gives 
increased confidence. 

The disadvantages are :— 

(i) Owing to the fact that the supply is luog-controlled and 
is exhaled to the atmosphere the duration varies within wide 
limits. The set is therefore only suitable for short periods since 
it cannot be relied upon for an extended time, even though the 
supply may be sufficient if little effort is expended. 

(ii) Tlie apparatus is heavy (44^ lbs.) and as the whole of the 
weight is carri^ on the back, pack fashion, tends to drag on the 
shoulders and makes it difficult for the wearer to carry an injured 
or insensible person on his back. 

(iii) The apparatus is not sufficiently flexible. The cylinders* 
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being rigid, make bending difficult and in some types the control 
valve is difficult to reach. 

(iv) The respirator-type facepiece (essential with oj^n circuit 
apparatus) is not regarded as so convenient for Fire Service work 
as a mouthpiece. Respirator-type facepieces need adjustment for 
different faces, and the same size will not fit everyone. 

i. CLOSED CIRCUIT SELF-CONTAINED BREATHING APPARATUS 
(WITH REGENERATIVE ACTION) 

This category comprises all those t> 7 )cs of breathing apparatus 
in which the exhaled air is returned to a breathing bag and inhaled 
again after it has been purified by filtering through a carbon dioxide 
absorbent medium and the oxygen has been replaced. 

The principal difference between this type and the open circuit 
types described is that the supply of oxygen for regeneration 
purposes can be regulated to a given amount per minute, iriesj ective 
of the energy expended, and the duration of the supply is therefore 
predetermined. 

In sets of the closed circuit type, thercfr'i e, the w^orking time can 
be predetermined wdthin exact limits, and provided a suitable by¬ 
pass is incorporated to make good any temporary sliort'ige r:)f oxygen 
due to sudden great exertion, these sets arc to be preferred for any 
other than short period working. 

If the supply of oxygen or air 
is to be regulated so that a 
given amount flows per minute 
irrespective of the energy con¬ 
sumed, then a breathing bag or 
other container must be provided 
in which a reserve of air can be 
built up, and the exhaled air 
must be returned to this reserve. 

Since the exhaled air wiW contain 

a percentage of carbon dioxide it j Diagrammatie sketch of layout 
follows that a means must also of closed circuit regenerative apparatus, 
be provided for absorbing this 

gas so that the air is purified before being re-inhaled. Sets employing 
a circuit of this sort are known as the closed circuit regenerative type. 

The air circuit employed by this type of apparatus is shown in 
diagrammatic form in Fig. 7. A cooler is not an essential feature, 
but is a desirable addition as a certain amount of heat is generated 
in the circuit. This circuit from the breathing bag to the mouth¬ 
piece and back in an endless circle is common to all types of regenera¬ 
tive apparatus. When liquid air is employed instead of oxygen, 
however, there is a slight difference on the supply side of the circuit. 

Oxygen is stored in cylinders charged at high pressure, which has 
to be reduced before the ox^^gen can safely be fed into the breathing 
circuit. A reducing valve is an essenti^ feature of all breathing 
apparatus employing compressed gases. 

Liquid air, on the other hand, is carried in special containers called 
pa^ ” built up of material which absorbs the liquid air in the 
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same way as a sponge absorbs w^ater. These packs contain 5J lbs. 
in weight of liquid, producing 2,000 litres of air, which boils off at 
atmosplicric pressure. No reducing valve is necessary with this 
type of apparatus, since the air can be fed direct into the breathing 
circuit. Liquid air sets are not used by the Fire Service but are 
employed in mines rescue work owing to the length of time (up to 
three hours) for which they can be worn. 

(o) Proto. The regenerative breathing apparatus most commonly 
employed for Fire Service work is the " IVoto " one-hour oxygen 
breathing apparatus. A dismantled view of this apparatus is shown 
in P'ig. 8. 

The set comprises (a) a canvas harness, (&) breathing bag clamps, 
(c) breathing bag. (if) inhalation valve, (e) exhalation valve. (/) 
breathing tubes and mouthpiece, (g) noscclip and mouthpiece plug, 
(A) pressure gauge and tube, (i) supply tube, (j) cooler and securing 
strap, (A) skull cap and (f) goggles, (w) oxygen cylinder with 
(n) anti-rust tube and (o) main valve, (/>) valve group, and (q) relief 
valve. 

The oxygen cylinder contains 6 cu. ft. of oxygen compressed to 
120 atmospheres (about 1,800 lbs. per sq. in.) and is fitted with a 
main v'alve having a safety locking bolt. The cylinder is connected 
by means of a screwed union nut and fibre w^asher to the valve 
group, a diagraiiimatic arrangement of which is show'ii in Fig. 9. 

Wiien the main valve is opened the oxygen (at high pressure) 
passes up through a channel in the central column to a small jet 
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at right angles to the column, from which it is fed into a chamber 
known as the floating valve chamber. 

The purpose of this floating valve is to reduce the high pressure 
of the oxygen in the cylinder to a breathable pressure. The oxygen 
is fed from the central column (a) into a chamber (b), the only outlet 
from which is by a small orifice (c) in the back pressure disc. At the 
oppc3site side of the chamber is a diaphragm (J) having a slight 
margin of lateral movement which is controlled by a strong spiral 
spring (f). Connected to this diaphragm is a fibre valve (/) which 
controls the supply of oxygen from the jet (g). When the spring 
is released the jet is open, but as soon as the spring is cominesscd 
the fibre valve (/) is drawn down by the diaphragm and closes the 
jet. 

So long as the oxygen is turned off the fibre valve Ls held away 
from the jet by the spiral spring acting on the diaphragm. As soon 
as the main valve (/*) is opened, however, oxygen at high jne^snre 
begins to hll the chamber (i;) and as only a small quantity can escape 
through the orifice (c) in the back jiressure disc, a considciable 
jircssurc Ls built up. This [iressure, exerted on the large area of the 
diaphragm, forces it over against the sj)ring, at the same time 
moving the fibre valve (/) and closing the jet. The oxygen then 
continues to escape slowly vm the orifice in the back j)ressiire disc (r) 
until the pressure in the chamber is sufliciently reduced for the .spring 
to overcome it, force the diaphragm and fibre valve back, and so 
allow more oxvgen to enter. 

The exact amount of oxygen passing the reducing valve can be 
regulated by adjusting the pressure on the sjjiral spi ing (e) by means 
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Fi^. 9. Diagrammatic arrangement of " Proto " valve group and main valve. 
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of an adjusting sleeve, compressing the spring giving a greater 
supply, and vice versa. 

^is lateral movement of the diaphragm and fibre valve is inde¬ 
pendent of pressure in the cylinder and continues imtU the supply 
of oxygen is exhausted. The movement is so rapid that a slight 
buzzing sound is sometimes set up by the vibration of the moving 
parts. (This can be stopped by a light tap with a spanner on the 
blank cap of the floating valve.) 

A by-pass valve (;) and pressure gauge valve (^) are also included 
in the valve group. The function of the by-pass valve is to enable 
the wearer to supply himself with additionjd oxygen direct from the 
cylinder. Tlie reducing valve is set to give a regular supply of 
2J litrrvi; ]:»ct minute irrespective of the pressure in the cylinder or 
the amount of oxygen consumed by the wearer. This supply is 
sufficient for all normal purposes, but may need to be supplemented 
slightly if exceptionally strenuous work Ls being undertaken by the 
wearer. By opening the by-pass valve an immediate supply of 
oxygen can be obtaincxl to satisfy the wearer’s requirements, the 
oxygen entering the system on the low pressure side of the reducing 
valve tlirnugh perforations in a screw plug just beyond the back 
press are disc. Th e by-pass may also be used to flush out the bag with 
cool oxygen if the temperature has risen to an uncomfortable degree. 

A pressure gauge valve is fitted to enable the wearer to shut off 
the oxygen should the gauge or its flexible cable become damaged. 
In normal u.se the valve is left open, and therefore requires no 
attention when wearing the apparatus. 

From the valve group the oxygen is fed via a flexible supply tube 
into the left-hand side of the breathing bag (i.e., on the wearer’s 
left). The bag is made from strong vulcanised indiarubber, and is 
c.arried in an outer bag of wateqiroof canvas in which it is secured 
by steel clamps bolted back and front. The breathing bag is 
divided into two compartments which communicate at the bottom, 
and is fitted at the top right-hand comer with a relief valve by means 
of which any excess of gas which has accumulated in the bag can 
be released. 

The communicating compartment at the bottom of the bag is 
filled with a carbon dioxide absorbent which is usually in granular 
form, although caustic soda is sometimes used. To prevent the 
absorbent being disturbed and blo^m about the bag by the blast of 
oxj'gen which occurs when the by-pass valve is momentarily opened, 
a difiuser is secured to the oxygen inlet connection to break up the 
flow. This diffuser consists of a hollow metal sphere, the lower half 
of which is perforated circumferentially to allow the passage of 
oxygen. It can be removed very simply, and should be examined 
periodically to ensure that the perforations are alwa^’s kept clear. 

There are three different t^'pes of absorbent in use with these sets:— 

(i) Caustic soda stick. 

(ii) Coke absorbent. 

(ui) A proprietary mixture consisting of a white granular 
substance. 

(i) Caustic soda sticks in use assume a brown sticky state which 
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is difficult to remove from the bag. It is therefore necessary for the 
b»g to be washed out with warm water when the absorbent is 
removed. The bag must be thoroughly dried before being recharged 
with absorbent. 

(ii) Coke absorbent also tends to become sticky after use (though 
not to the same extent 
as the caustic soda 
stick) and the breath¬ 
ing bag must be washed 
out when it is being re¬ 
moved. It is also in¬ 
clined to be dusty and 
cases have been Imown 
when men, owing to 
working in a prone 
position or crawling, 
have drawn a certain 
amount of dust into 
their mouths. Al¬ 
though unpleasant it is 
not injurious. 

(iii) The proprietary 
absorbent consists of a 
white granular sub¬ 
stance which, to the naked eye, presents the same appearance after 
use as when first put into the breathifng bag. As it remains dry 
and does not powder appreciably when in use. it is not necessary to 
W’ash out the bag every time. The usual procedure is to dust out 
the bag with a dry cloth and occasionally with a damp cloth. 

Types (i) and (ii) require a different pattern bag from that used 
with type (iii). Sets which have previously used coke absorbent will 
therefore have to be fitted with bags suitable for use with granular 
absorbent when existing stocks of the former become exhausted. 

Beside the relief valve, on the right-hand comer of the bag is a 
connection for the exhalation valve and breathing tube, and in a 
similar position on the left-hand comer, a connection to which is 
secured the cooler. The mouth of the bag is sealed by the bras-s 
clamps which hold the bag in position in the outer canvas container. 

The cooler consists of a metal container having an inner compart¬ 
ment filled with calcium chloride round which the inhaled oxygen 
passes before entering the breathing tube. This calcium chloride 
is in crystal form which liquefies when subjected to heat. Since its 
liquefying temperature is F., a considerable quantity of heat is 
absorbed as this occurs; the inhaled air is therefore kept cool by 
this action. This is a practical example of the use of the latent heat 
of fusion dealt with in Chapter 1. 

From the cooler the oxygen is carried to the mouthpiece by a 
corrugated breathing tube. A similar tube on the other side returns 
the exhaled air to the breathing bag. Mica valves are incorporated 
in the tubes to prevent flow in the reverse direction. 

The mouthpiece is of soft vulcanised rubber fitted to a metal 
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connecting piece, and is shaped to fit comfortably between the lips 
and the gums. Respiration is carried out entirely through the 
mouthpiece, a spring clip fitted with rubber pads being used to 
pre\'ent inhalation through the nose. 

A skull cap or other headgear is used to hold the mouthpiece 
comfortably in position ; goggles are supplied with the apparatus 
for use as required. 

The whole equipment is carried on a leather harness, with the 
oxygen cylinder at the rear and the breathing bag in front, so that the 
weight Ls evenly distributed. The complete apparatus weigh.s 32 lbs. 

A combined tool and testing kit (Fig. 10) is supplied for use with 
sets. Tliis consi-sts of:— 

(ff) shifting spanner for general purposes. 

(&) a flowmeter graduated in litres and half litres. 

(c) tube for connecting flowmeter to reducing valve. 

(i/) two tommy spanners for removing diaphragm. 

(c) screwdriver (small) for removing screw plug 
(/) tongs for removing dome of reducing valve. 

(aO screwdriver (large) for general purposes. 

(h) double-ended spanner for gland nut and adjusting sleeve. 
(;) screwdriver (split) for spindle nut. 

(k) a test gauge. 

Assembly and Testing. A “Proto" set assembled is shown in 



Fig. II. Diigrimmuic arnngement of " Proio " apparatus. 
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diagrammatic form in Fig. 11. Assembly should be carried out as 
follows :— 

(i) Connect exhaling tube and cooler to the breathing bag 
and inliiding tube to cooler. Screw down nuts tightly and check 
relief valve for tightness. 

(ii) Connect the test gauge to the oxygen cylinder, open main 
valve and note pressure. 

If the cylinder is less than half full, replace with a fresh cylinder. 
Close main valve, remove test gauge and apply a thin film of water 
to the outlet to ensure that the valve is closing satisfactorily. On 
no account may oil of any kind be used on the valves owing to the 
fire risk in conjunction with oxygen. 

(iii) Connect the valve group to the cylinder. Wlien the 
joint has been tightened, connect the flowmeter to the oxygen 
supply tube, open main valve and note the rate of flow, which 
should be exactly 2J litres per minute. Turn off main valve and 
watch the flowmeter and pressure gauge. The rate of flow should 
remain constant at 2| litres per minute until the needle of the 
pressure gauge reaches zero. 

(iv) Remove flowmeter, pass oxygen supply tube through 
the bend of the cooler (Fig. 12. left) and screw on to the inlet of 
breathing bag. 

(v) Provide a bath or tank of water large enough to receive 
the whole of the apparatus, and completely immerse the high- 
pressure side of the apparatus (i.e., cylinder and valve group, but 
not the pressure gauge). 

Hold a thumb firmly over the mouthpiece orifice so as to avoid 
loss of oxygen, which will be required later for testing the low- 
pressure side of the apparatus. Turn on the main valve and watch 
carefully. If any of the joints are defective, bubbles will be seen 
forming round them and rising to the surface. Tighten any such 
defective joints until the bubbles cease. Care should first be taken, 
however, to ensure that all washers are in position and in good 
condition. 

(vi) Close the pressure gauge valve. If the connection 
between gauge and tube is satisfactory the needle will remain 
stationary. If the needle falls tighten the joint, taking care not 
to use undue force. If difficulty is experienced in eliminating a 
leak a new washer should be fitted. The joints should never be 
tightened by force to prevent a leak, as the cause, if a slight 
tightening will not cure the trouble, is invariably a faulty washer. 

(vii) Open the by-pass valve momentarily to inflate bag and 
immerse the low-pressure side of the apparatus (i.ff., breathing 
bag, crx)ler, breathing tubes and mouthpiece) holding a thumb in 
position over the mouthpiece orifice as before. Watch carefully 
for bubbles and rectify any leaks. 

(viii) Close main valve, remove apparatus from bath, dry 
thoroughly and fit on canvas bag and carrying harness. 

The apparatus is now ready for use and should not be tamf>ered 
with until required. 

Putting on the Apparatus, (i) Put on harness squarely and 
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comfortably, care being taken to ensure that the reducing valve 
fits well down on the left hip ; the shoulder straps lie squarely and 
are not doubled up ; the pressure gauge and oxygen supply tubes 
are leading correctly ; the oxygen cylinder is squarely in the middle 
of the back and that all straps are secured and tucked away (Fig. 12, 
ffgW). 

(ii) Put on skull cap, if provided. 

(iii) Take out rubber plug, insert mouthpiece and adjust it com¬ 
fortably in position, inhaling and exhaling through the nose. 

(iv) Open main valve and lock it in position with safety bolt and 
take a reading of the pressure gauge to ensure that sufficient oxygen 
is available. 

(v) Hold the nose-clip in the right hand and the by-pass valve 



supply lubp through 
brnd of cooler 



Fig. 12. " Proto ” apparatus correctly fitted on wearer. Left : front view. 

Right: back view. 


in the left. Take a deep breath tlirough the mouth to draw out any 
nitrogen which may be in the bag, and exhale through the nose. 
0]^n the by-pass valve sufficiently to inflate the breathing bag 
moderately, holding tlie breath meanwhile. Close by-pass valve, 
take two breaths, exlialing through nose, and put on the nose-clip. 

The wearer is now being supplied with pure o.xygen from an 
inde[)endent supply and can move about unrestrictedly in any 
atmosphere. 

Operation, If an oxygen breathing apparatus of the type 
descril:)ed above has been correctly assembled and put on it will call 
for little further attention, and the w'earer can safely leave it to its 
own business. The only items which need be remembered are :— 

(a) The pressure gauge should be consulted from time to time to 
see how miidi oxygen remains in the cylinder, and therefore how 
long the wearer can remain in a poisonous atmosphere. The scale 
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is divided into a number of sectors, each of which represents 5 atmo¬ 
spheres of pressure or 2} minutes of time. A red Ime at 120 atmo¬ 
spheres indicates the position of the needle when the cylinder is full. 

The gauge sliould show a reading throughout the period when tlie 
set is in operation and if consulted at regular intervals will keep the 
wearer informed of the amount of oxygen left in the cylinder. As 
explained above, the pressure-gauge valve is provided solely to 
prevent leakage of oxygen should the gauge or its flexible cable 
become damaged. It should never otherwise be closed. 

Wlien the needle registers “ zero ” there is still a slight margin of 
safety as the supply of oxygen in the breathing bag will last for a 
short period (under normal conditions about five minutes). 

(6) When the set has been in use for some time, particii'arly if no 
strenuous work has been undertaken, the bag will be found to 
become unduly inflated, and some of the exce.ss contents should be 
released by means of the relief valve. 

The fact that the bag inflates so much as to become obtrusive is in 
itself a sufficient reminder that the relief valve should bt used. 
Breathing will also be found to become sliglitly restricted as the bag 
fills; this should be regarded as a warning to use the relief valve. 

(c) If the wearer is working under exceptionally arduous condi¬ 
tions. or indulging in short periods of violent effort, the regulated 
supply of 2J litres per minute may tem|iorarily be insufficient for 
his needs, and a feeling of restriction may be experienced. When 
this occurs the by-pass valve shotild be opened momentarily to give 
an increased supply. It will also be found beneficial after working 
in a heated atmosphere for some time to discharge the accumulated 
gases in the breathing bag by using the relief valve, and flush out 
the bag with a fresh supply of oxygen from the by-pass valve. 

The by-pass valve serves also as a secondary means of supplying 
oxygen to the bag in the event of failure of the reducing valve. 

(rf) The carbon dioxide absorbent which fills the communicating 
compartment between the two halves of the breathing bag is so 
placed that the movements of the wearer when walking or at work 
automatically rub off the carbonated surface. If caustic soda is 
used as the absorbent material this action should be assisted at 
intervals by shaking the breathing bag, thus exj-wsing a fresh surface 
for the absorption of carbon dioxide. The bag should not be shaken 
if granular absorbent is used. 

(c) Should the calcium chloride in the container become liquid 
owing to the apparatus having been used in a heated atmosphere, 
its cooling properties can be restored by immersing the cooler in cold 
water. The filler cap should be firmly secured to prevent water 
coining in contact with the calcium chloride. 

Calcium chloride will retain its properties almost indefinitely, 
but. as it is subject to very slight loss, should be topped up at 
intervals to maintain the level in the cooler. To do this, a sufficient 
quantity of calcium chloride should be heated slowly until it liquefies, 
and then poured into the inner chamber by means of the screw cap 
at the end of the cooler. The cap should then be replaced and the 
cooler immersed in cold water to reset the calcium chloride. 
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Re-charging. When the oxygen in the cylinder is exhausted, the 
wearer must return to respirable air to re-charge the apparatus. If 
tlic apparatus is to be used again immediately, the spent cylinder 
should be unscrewed from the valve group and a fresh one fitted. 
The carbon dioxide absorbent in the breathing bag must also be 
renewed. 

The respirator tubes, cooler and relief valve should be unscrewed 
and the breathing bag removed from the canvas carrying bag before 
emptying out the used absorbent, care being taken to ensure that 
no i)articles of absorbent lodge in the shoulders of the bag or in the 
screwed connections of the relief valve, respirator tubes or cooler. 

A fresh charge of absorbent, which is supplied in airtight tins 
each containing a complete charge, should then be poured into the 
bag, care being taken to ensure that an equal amount goes into each 
side of the compartment. A special pourer with a divided outlet 
can be used to hi edit ate this operation. If the lid of any of the tins 
of absorbent is found to be loose the absorbent should be thrown 
away as the air will have destroyed its efficiency. 

As soon as the bag is re-charged it should be replaced in the canvas 
carrying bag and the mouth fastened by means of the steel clamps 
and wing nuts. The apparatus should then be assembled and tested 
a.s before, after which it is ready for further use. 

If the apparatus is not to be used again immediately, the india- 
rubber bag should, if a caustic soda or coke absorbent has been 
used, be washed out thoroughly wdth w'arm water and dried inside 
with a clean cloth or towel. If granular absorbent has been used 
the bag need only be dusted with a dry cloth. The breathing tubes, 
rubber mouthpiece and goggles should be wa.shed with yellow soap 
and warm water. When all parts are thoroughly dry the apparatus 
should be re-charged and re-assembled as before, the indiarubber 
plug being tightly inserted into the mouthpiece to prevent access of 
air to the absorbent. The goggles, if used, should be treated with 
an anti-dim preparation and stowed away with the set. 

Care and Maintenance, If the *' Proto " apparatus is maintained 
in good condition and the instructions given above are carefully 
adhered to, little adjustment should be needed over long periods of 
use. The following points should also be observed :— 

(i) No oil or grease of any kind should be used for lubricating the 
cylinder valve, gauge valve, reducing valve or other fitlings. Never 
under any circumstances should oil or grease be allowed to come 
into contact with the rubber breathing bag or mouthpiece. The 
action of oxygen on grease or oil causes rapid oxidation and may 
result in spontaneous combustion or explosion. 

(ii) Never use undue force cither on connecting nuts or on the 
main valve. Force used on the main valve may damage the thread 
and impair the seating of the valve. If difficulty is experienced in 
making any joint, fit a new w-asher. 

(iii) Never open the by pass while a flowmeter is connected, as 
this may damage the meter. 

(iv) Never allow the metal parts, such as main valve, coiuiecting 
nuts, etc., to be knocked, either when being carried or when stow'ed 
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on the appliance as such treatment may cause slight oxygen leaks 
which utII be difficult to cure. 

Adjustments, (i) Reducinh Valve. The reducing valve is set 
by the makers to give a supply of 2J litres of oxygen per minute ; 
it should on no account be tampered with unless a flowmeter test 
shows that the rate of flow varies from this figure, and then only 
by an experienced person. 

To test the reducing valve, connect it to a cylinder of oxygen 
containing not less than 30 atmospheres and screw on a fltiwmcter. 
When the main valve is open the to]> ol the bobbin should rise and 
remain stationary at the line indicating litres per minute. (The 
flowmeter should be held in a vertical position throughout the test 
to prevent friction of the bobbin on the side of the gauge.) 

As was explained in the general description of the apparatus the 
rate of flow is governed by the degree of pressure exerted by the 
.sjflnil Sf)ring upon the diaphragm, wliich pressure is controlled by 
an adjusting sleeve. Any desired alteration in the rate of flow can 
therefore l)e effected by varying the pressure of this spring. 

If the flow is less, or more, tlian 21 litres per minute, the locking 
nut should be loosened and the adjusting sleeve screwed in the 
appropriate direction until the flowmeter registers 2§ litres per 
minute. Turning the sleeve in a clockv.dse direction will increase 
tlie How, and vice versa. 

Wlien the rate of the flow has been adju.steil the main valve should 
be closed and the flowiiiLter and pressure gauge watched. The bobbin 
should remain at 21 litres until the pre.‘«ure gauge falls to zero. 

If the bobbin does not remain stationary, but falls before the 
pressure gauge reaches zero, the reducing valve is nut functioning 
correctly and should be stripped down and examined. 

The fault may be either :— 

{a) A hard or perished diaphragm. Remedy ; this should l>e 
renewed. 

(6) A scored or faulty ebonite seating on the floating valve. 
Remedy ; this should be renewed. 

(c) The back pi es.sure disc may be loose. Remedy; tlie 
perforated screw plug, which holds it in position against the fibre 
washer, should be tightened down. 

(i) The floating valve seating may be set too far from the 
oxygen inlet jet. Remedy ; unscrew the spring until it exerts no 
pressure on tlie diajihragm. Screw down the floating valve seating 
very lightly until it is just in contact with the jet, and then 
unscrew it a quarter to half a turn until the locking washer can be 
inserted with its projecting portion properly in po^>itiuri. Do not 
use excessive force, as this may damage the ebonite seating. 

(c) Test the contents of the cylinder of the a[)paratus by the 
standard gauge and then check the gauge attached to the set 
by comparing its reading. A slight minus error can be ignored 
as it shows less oxygen than there actually is, but a plus error of 
more than 10 atmospheres is serious, and the gauge should be 
sent in for rcadjastment. Tests should be done with varying 
pressures in the cylinder. 
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Always remember to insert the locking washer and the metal 
filling washer before screwing on the blank cap. Screw the cap on 
tightly; any leak through the cap will affect the working of the 
reducing valve and will result in loss of oxygen. 

It is advisable, before adjusting the reducing valve as described 
above, to unscrew the valve group connecting nut and examine tlie 
gauze filter. This may be found to be dusty or coated with verdigris, 
and thus be impeding the supply of oxygen. It should be carefully 
removed with the tool provided for the puqjose, cleaned with carbon 
tetrachloride and carefully re[)laced. If it Ls found to be punctured 
or damaged it should be discarded and a new filler inserted. 

(ii) Main Valve. The main valve is of robust construction and 
should call for no adjustment over long periods. Slight leaks may, 
however, develop from time to time, which should be dealt with as 
follows :— 

Leaks which occui with the valve in the open position can usually 
be cured by tightening the gland nut slightly. If this does not cure 
the leak the s[)indlc washer may be scored or have worn hard, or 



Fig. 13. Dlifrvnmiclc ■rnngement of ** Salvus " half hour lelf-conuined 
closed circuit breathing ippantus. 
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the spiral spring may have become too weak. The remedy in each 
case is to replace the faulty part. 

Leaks in the closed position are due to the valve having been 
screwed down too hard, thus distorting the fibre valve. The only 
remedy is to dismantle and insert a new fibre valve. 

Tests. If adequate gauge-testing apparatus is not available the 
standard gauge and flowmeter should be returned to the makers 
every two years for testing, and the complete apparatus once every 
three years. 

There are several other types of closed circuit regenerative 
breathing apparatus used in the Service, perhaps the best known of 
which are the " Salvus " and “ Fireox." These are similar in design 
and o|:)eration to the ‘' Proto *' apparatus 
described above, but are of lighter con¬ 
struction and are designed for short 
period use only. 

(b) Salvus. The Salvus " breathing 
apparatus (Fig. 13) is of the closed 
circuit regenerative type employing 
oxygen. It consists of a cylinder con¬ 
taining 3‘5 cu. ft. of oxygen at 1,800 lbs. 
per sq. in. pressure, a valve group, 
breathing bag, carbon dioxide absor¬ 
bent and cooler, all of which operate on 
tile same principles as in the " Proto.'* 

Tlie reducing valve is, however, ad¬ 
justed to give :y How of l! litres per 
niinule. The valve group is, however, 
connected direct on to viie brealliing 
hag, which is of simj)le const i uclion, and 
respiration is ranied onl. tliriiiu:h one 
breathing tubi- only : bolli the cooler Front view of "Silvu. " 

and the absurhent coiilainei Ijeiiig m- apparatus, showing method of 
erted between the lube and I lie breath- reading gauge, 
ing bag. A diagrannnatic iinangemenl 

of the apj)aiatiis from wliieli the diffen nee in layout from the 
“ Proto " can be sei:n, is givi n in I'lg. 13. 

The apparatus is assenililed and tested as alrearly descrilxHl for 
the " Proto.” Putting on is simider, as the whole of the aiiparatus is 
worn on the chest aiul a sinqiler form of harness is tlierefore used. 
The apparatu.s is supported by a belt which is strapped round the 
body and is hung by a ni*i:k and back strap with arljustJiblc straps 
and buckles at the front, to suit the height of the wearer. 

Starling up b accomplbhcd in the same sequence as for the 
" Proto." There b, Low'ever, no locking nut on the main valve, 
and the position of the pressure gauge on some models necessitates 
the use of a special mirror cover to enable a reading to be taken 
(Fig. 14). Modified sets have, however, recently been produced on 
which the gauge b led to a convenient position near the top of the 
oxygen cylinder, cither a flexible lead or a rigid pif)e being used. 
Re-^arging b also similar, the only difference being that the carbon 
dioxide ab^rbent b not carried in the breathing bag but in a metal 
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canister, which is re-chargcd by emptying out the used absorbent 
and refilling from a fresh tin. 

The “ Saiviis ” apparatus weighs only 18J lbs. and is intended 
primarily as a short-period set. 

(c) Fireox. The " Fircox " b also a closed circuit rgenerative 
apparatus employing oxygen. It comprises a cylinder containing 
cii. ft. of oxygen at 1,800 lbs. per sq. in. pressure, to which b 
attached a valve group and pressure gauge similar to those used on 
the '' Proto " and “ Salvus " sets. The layout of the apparatus 
(Fig. IT)) is therefore slightly different, the oxygen being fed from 
the valve group direct into a cooling tube attach^ to the inhalation 
tube and only entering tlie breathing bag after e.xhalation. 

Inhalation and exhalation tubes are provided, as with the 
" Proto,*' but these are carried back over tlie shoulder to a combined 
carrier and protecting cover, worn on the back, in which the whole 
of the apparatus is housed (Fig. 16, The inhalation and 
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exhalation valves, instead of being located at the ends of the 
breathing tubes, are incorporated in a special fitting in front of the 
mouthpiece. The relief valve is also incorporated in the htting. 

The difference between the '* Fireox ” and the two types of 
oxygen breathing apparatus previously described is, however, more 
apparent' than actual, and assembly, testing, starting up and 
re-charging are all carried out as described. The by-pass and relief 
valves, however, though similar in essentials, are slightly different 
in construction from these parts on eitlier of the other sets. The 
by-pass valve consists of a hexagon nut in the centre of which is a 
ball valve actuated by pressure of the thumb (Fig. 16, 

The relief valve is housed in a special fitting in front of the mouth¬ 
piece and between the two breathing tubes (Fig. 16, Ufi). It is 
0 ])erated by pulling down the spindle, thus allowing the excess air 
to escape from the bag via the breathing tube. The spindle should 
1)0 pulled down only on exhalation, and the wearer should blo^v nut 
.strongly whilst it is open. A non-return valve prevents outside air 
from being inhaled when the relief valve is opened. The coniplete 
” Fireox ” weighs 27 lbs. 

The advantages of closed circuit self-contained regenerative 
oxygen breathing apparatus of the types described above are :— 

(i) It is vastly superior to all atmospheric type breathing 
apparatas as the wearer is independent of tlie atmosphere and can 
therefore move about freely in poisonous gases. 

(ii) The controlled feed given by the reducing valve enables the 
duration of the supply to be calculated for any state of the cylinder. 
The fact that the duration of the supply is known and is not subject 
to variation by rca.son of sudden strenuous exertion also gives 
increased confidence to the wearer. 



215 





BMATHINO APPARATUS 


part I 


(iii) The apparatus is comfortable to wear, the parts being so 
disposed (in one type) that the weight is equally distributed back 
and front. It is, moreover, flexible and conforms to the movements 
of the body without undue restriction. 

(iv) The disposition of the various parts of the apparatus (in the 
" l^oto and '* Salvus " types) makes it possible for the wearer to 
carry an insensible person on hLs back without difficulty. 

(v) The use of a mouthpiece is to be preferred for Fire Service 
work, since, as the whole of the face is not covered, it is cooler, and 
will fit anyone. 

(vi) The use of oxygen in place of atmospheric air is beneficial to 
the wearer and assists him to some extent in carrying out strenuous 
work. Instead of only a small portion of the air inhaled being used, 
the whole supply is beneficial. 

(vii) If the wearer of the apparatus is trapped in an irrespirable 
atmosphere, for example by the collapse of a building, he can by 
turning off his cylinder valve and manipulating tliis as required, 
make his oxygen supply last for a greatly increased length of time 
and thus increase his chance of being rescued alive. 

Tile disadvantages are :— 

(i) The design is such that a course of training is required to enable 
pemonnel to assemble and use die set. 

(ii) Re-breathing oxygen may be a disadvantage in certain cases, 
as for instance in a man with stomach complaints. 

(iii) Men working together can only communicate witli one 
another by signals owing to the use of a mouthpiece. A full mask 
can be used with the apparatus to overcome this difficulty but for 
general use a mouthpiece is preferable. 

(iv) It requires continual if slight attention in use (operating relief 
valve, by-pass valve and so on). 

(v) A second man is necessary to change a cylinder whilst the set 
is being worn. 

(vi) In re-charging the set not only must the cylinder be changed 
but the used absorbent must be removed and a fresh charge substi' 
tuted. This necessitates carrying spare charges of absorbent on 
tlie appliance. 

(vii) Unless special equipment for re-charging the cylinders from 
larger oxygen cylinders locally is installed, the cylinders must be 
sent away tor re-charging. This necessitates the provision of a large 
stock of spare cylinders. 

(viii) A number of small spares must be carried with the set. 

The respective merits of the various types of breathing apparatus 
described above may be summed up in general terms as follows :— 

(а) All self-contained types are preferable to any atmospheric 
type. 

(б) The sole advantage of the atmospheric types is the 
low initial cost, and they should be used only for short-period 
work within easy reach of breathable air. They may be regarded 
as being out-dated for general Fire Service work, ^though they 
have b^ found useful for dealing with fires in ships’ holds. 

(c) Of the self-contained types, the ox>*gen regenerative 
IIS 
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apparatus is to be preferred for extended work to the compressed 
air type, which is, however, eminently suitable tor short-period 
work. 


LINE SIGNALS 

Men wearing self-contained breathing apparatus should always 
work in pairs and except in very special circumstances should not 
have lines attached to them. 

On occasion it may be found desirable for them to trail a bobbin 
line in order that they may be able readily to retrace their steps— 
but the bobbin line is not used for signal purposes. 

The bellows type smoke helmet using air tubing is considered to 
be obsolescent and no standard line signals for use in conjunction 
with it have been issued. 

There may be occasions when a fireman has to be lowered down a 
.diaft, a well, or over a cliff in order to effect a rescue or for c l her 
reasons. In these circumstances he should be lowered on one line 
and he should have a second line attached to him for signalling 
purposes. 

The following signals should be employed :— 


Signal on Line 

1 pull 

2 pulla 

2 pulls—^pause—2 pulls 

3 pulls 


Kepeated, sharp pulls . 


Given by Wearer 
I am all right. 

Pay out more line. 

Stop lowering. 

Haul iu slack Hue, or 
Haul up. 

Danger—help me out. 


Given by Attendant 

Are you all right ? 

I am paying out more 
line. 

1 am ceasing lowering. 

1 am hauling in slack 
line, or I am hauling 
up. 

Danger—come out at 
once. 


Signals Must be Repeated. In every case when signals are 
employed they should be acknowledged by the recipient of the 
order repeating the signal to show that it has been understood and 
is being acted upon. 
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R esuscitation is the process by which a person who is 
suffering from oxygen starvation and apparently dead, is 
induced to resume normal respiration. Such a process is necessary 
to revive persons suffering from carbon monoxide poisoning, smoke 
or de-oxygenated atmospheres generally, drowning, electric^ shock, 
and all other cases in which respiration has for any cause ceased or 
been impeded. 

Resuscitation can be applied by manual technique which induces 
normal respiration, or by means of apparatus which supplies pure 
oxygen, oxygon and carbon dioxide or air and carbon dioxide, thus 
exercising a stimulating effect on the respiratory centre of the brain 
and accelerating the recovery of the patient. 

The following figuras, produced as a result of experiments con¬ 
ducted by the late Professor J. Haldane, M.B., F.R.S., give some 
indication of llic rcsj^ective values of these different methods. It was 
found that to eliminate carbon monoxide from the blood of a patient 
who had breathed a dangerous concentration took :— 

1. Breathing air . . . . . 140 minutes. 

2, Breathing oxygen . . . . 85 „ 

3. Breathing air plus 5 per cent, carbon 

dioxide.80 „ 

4. Breathing oxygen plus 5 per cent. 

carbon dioxide . . . . 20 „ 

To undcrst'find the reasons for this pronounced effect of carbon 
dioxide, some account of the mechanism of the respiratory centre 
in the brain is necessary. 

From the brief account of the respiratory system given in the 
previous chapter, the importance of the involuntary movements of 
the cliest wall and diaphragm in controlling the exp^insion and 
contraction of the lungs Nvill have been appreciated. Tliese move¬ 
ments are governed by the respiratory centre in the brain which is 
sensitive to the amount of carbon dioxide in the blood. If the 
percentage is small, breathing will be sluggish and shallow, as the 
percentage increases, breathing becomes more rapid and much deeper. 
As was explained in the previous chapter, when energy is expended 
more oxygen is consumed and more carbon dioxide prefaced. Thi.s 
rise in the percentage of carbon dioxide in the blood stimulates the 
respiratory centre to increase the depth and frequency of breathing, 
more oxygen is supplied and more carbon dioxide escapes out of 
the blood in the lungs and is exhaled. 

When the body is functioning normally, sufficient oxygen is 
brought by the blood to the centre to keep the cells functioning 
and sensitive to any stimuli, including the normal carbon dioxide 
content of the blo<^. Wlien, however, the supply of oxygen is 
cut ofi, these cells fail and the respiratory centre becomes moribund 
or paralysed and refuses to react to normal stimuli. Breathing 
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stops, the interchange of gases in the lungs comes to a standstill 
and oxygen is no longer transported to the tissues and cells. 

It is a lack of oxygen, rather than an excess of carbon dioxide, 
that induces the depression of the respiratory centre; it is therefore 
imperative to get oxygen into the blood by artificial respiration. 
After carbon monoxide poisoning, carbon dioxide administration 
stimulates the respiratory centre to heightened activity and 
accelerates the removal of the carbon monoxide. 

When oxygen reaches the moribund respiratory centre the whole 
mechanism begins to function again, spontaneous respiration com¬ 
mences, the oxygen supply is maintained, sensitivity of the centre 
is restored, natural breathing returns and the asphyxia is relieved. 

If in a normal man approximately 5 per cent, of carbon dioxide is 
added to the inspired air, the volume of air which passes through the 
lungs in a given period is increased by 200 to 300 {)cr cent., but this 
does not necessai^y apply to a person in whom respiration has nearly 
ceased. 

ARTIFICIAL RESPIRATION 

It must always be remembered, however, that in conditions where 
breathing has ceased altogether, manual artificial respiration must be 
carried out in order to draw in sufficient oxygen either with or 
without carbon dioxide to stimulate the respiratory centre. 

I. SCHAFER'S method 

There are various methods of artificial respiration, but Schafer s 
Tiiethod is the one usually adopted and is the one subsequently 
described. On no account must it be applied, however, if the 
patient is suffering from chest or internal injuries. 

It should never be assumed that a patient is dead because breath¬ 
ing is not apparent, and immediate action must, in all such cases, be 
taken to render breathing possible. The air passages must be cleared 
of all obstructions, any pressure preventing the expansion of the 
chest must be removed, and there must be an abundance of fresh 
air made available for the patient to breathe. 

If natural breathing is seen to be failing, or cannot even be 
discerned, then manual artiheial respiration to restore it must be 
resorted to immediately. 

First, any foreign b^ies should be removed from the patient’s 
mouth and throat (chewing gum, false teeth, etc.); the patient is 
then laid in a prone position face downwards, one arm extended 
above the head, the other bent to form a pillow, and the face turned 
to one side resting on the forearm so that the nose and mouth are 
away from the ground and free for breathing. 

Time should not be wasted on loosening the patient’s clothing, 
nor need the tongue be drawn out, as it wdl fall naturally towards 
the lips when the body is turned on its face. 

When the patient is l 3 dng face upwards it is sometimes possible 
to induce air to enter the c^est by pressing the abdomen and then 
suddenly relaxing the pressure. Tl^ may be done before turning 
the patient over on his face. 

To turn over a patient in the prone position, stoop at Ills side. 
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place his arms close to the body, cross his far leg over his near leg, 
and, whilst protecting his face with one hand, grasp the clothing 
at the hip on the opjx)site side of the body with the other hand and 
pull the patient over. 

To induce exhalation after the patient has been placed in the 
correct position already described the operator should kneel astride, 
or on one side of the patient facing his head and sitting on the heels. 
Then place the hands on the small of the patient's back, their lower 
edges just clearing the top of the pelvis (or the little finger just 
touching the lower rib), the wrists nearly touching, the ba.se of the 
thumbs as near each other as possible without strain and the fingers 
passing over the loins on either side, being pointed towards the 
giuund but not s])read out (Figs. 1 and 3). 

Tlie position of the bands is important because pres.sure shoulrl 
only be applied to the lowest ribs which are free to move, and, 
consequently, not in danger of breaking when pressure is applied. 

With the arms held straight, bend the body fr()m the knees, and, 
somewhat straightening the hii)-joints, swing slowly forward so that 
the weight of the body is gradually brought to bear upon the patient 
and conveyed directly downwards. The elbows should not be bent 
and no exertion is required as all the pressure necessary is given by 
the weight of the operator's body. 

The resulting effect is that the patient's abdomen is pressed 
against the ground and by the consequential pressing of the abdo¬ 
minal organs against the diaphragm the diaphragm rises, and air, 
along with any water which may be present, is driven out of the 
lungs, thus producing exhalation. 

To induce inhalation .swing the whole body slowly backwards to 
its original position so as to remove the i)re5sure completely. The 
organs now assume their fonner position wdth the result that air 
pa.sses into the lungs, thus jiroducing inhalation. 

These movements are alternated by means of a rhythmic sw^aying 
of the body forwards and backwards from the knee joints at a rate 


of, approximately, twelve times a minute for the double movement 

of compression and relaxation. The 
pres,sure period should occupy two 
seconds and the period of relaxation 
three seconds, and to ensure regularity 
the worker should count evenly up to 
five on each double sw'ing. 





2. GENERAL 



Hg, I. Schl/sr'i msthod of 
irtlflclAl roipIrBtlon. 


A brief return of natural respiration 
should not be taken to mean that 
the need for resuscitation has ceased. 
Not infrequently the patient, after a 
temporary recovery of respiration, 
stops breathing again. The patient 
must therefore be watched, and if 
natural breathing stops, artificial res¬ 
piration must be resumed at once. 
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Manual artificial respiration must be continued until respiration 
is restored or a doctor pronounces life to be extinct. Definite 
evidence of death, e.g., rigor mortis, should be insisted upon before 
abandoning artificial respiration. Cases are on record in which the 
rescuers have persevered after life has been declared extinct and 
have succeeded in saving the life of the patient. 

An unconscious person becomes cold very rapidly and this means 
an added strain on an already weakened vitality. As far as possil)le, 
therefore, the patient should be kept covered whilst artificial 
respiration is being given. Blankets and hot watiM -lwt lies should be 
used to keep the patient w’arm, and the bottles refilled at intervals. It 
should be remembered that an unconsciniis patient cannot say whether 
he is being burned. The bottles should not, therefore, be too hut. 

RESUSCITATION APPARATUS 

Manual artificial respiration is, of course, necessary in all cases 
in which breathing has ceased. Many lives have been saved by 
methods such as are described above, without other assistance. The 
use of resuscitation apparatus, however, not only greatly increiiscs the 
patient's chance of recovery but also, owing to the fact that ^Hilsonuus 
gases are expelled from the blood more rajudly, reduces the after¬ 
effects of oxygen starvation and so accelerates complete reciwery. 

It Ls now generally accepted that the best method of resuscitation 
is by artificial respiration together wdth the administration of ox\’gcn 
either with or without a small percentage of carbon dioxide, with 
the exception of cases where the patient is suffering from carbon 
dioxide asphyxia. Carbon dioxide artificially administered, either 
W'ith or without o^^ygen, forms a valuable stirnuiant to the respiratory 
centre and will assist in speeding up the return of normal respiration. 
Where, however, the victim is suffering from suffocation caused by 
carbon dioxide it is probable that the quantities of this gas present 
in the body of the victim have already exerted their maximum 
stimulatory effect and its use for resuscitation puqjoses will be 
attended by a less marked reaction. 

In such cases, therefore, great emphasis should be laid on the 
desirability of continuing artificial respiration and allowing the 
respiratory centre of the patient to resume functioning without the 
forced stimulus provided by further large quantities of carbon 
dioxide. The simultaneous administration of oxygen either with 
or without a small proportion of added carbon dioxide will, however, 
greatly assist the patient. 

It is desirable from a medical point of view that the return to 
normal respiration should not be artificially hastened too rapidly, 
since the strain on the patient's resistance, already severely taxed, 
may result in a later relapse with more serious consequences. 

The administration of oxygen presents the best prospects of 
successful resuscitation, but in order to stimulate the respiratory 
system to inhale it, a limited quantity of carbon dioxide may be 
added. It has been found that the addition of about 7 per cent, 
carbon dioxide to increase the amount present in the blood gives 
the best results. 

ai 
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There is, for instance, a mixture of 93 per cent, oxygen and 7 per 
cent, carbon dioxide especially produced for the treatment of carbon 
monoxide poisoning, acute alcoholic poisoning, morphine poisoning, 
etc., respiratory failure due to electric shock, drowning and various 
other causes. Tliis gas Ls stored in cylinders painted black with a 
green and white band painted round the neck below the valve; 
oxygen is stored in cylinders painted black. A cylinder should never 
be used for any gas or mixture of gases other than as indicated by the 
British Standard Identification colour for that particular cylinder. 

There are several types of resuscitation apparatus in use in the 
Service, which may be classified broadly under the following 
headings :— 

1. Apparatus where oxygen, or oxygen and carbon dioxide, 
is administered from cylinders by hand control. 

2. Apparatus where oxygen, or oxygen and carbon dioxide, 
is administered from cylinders automatically by the patient's 
inspiratory effort. 

3. A simple form of apparatus for emergency use for adminis¬ 
tering carbon dioxide and air by means of carbon dioxide capsules, 
and 

4. A rocking resuscitation stretcher which is, in effect, an 
apparatus for applying artificial respiration by rocking the patient. 


I. THE HAND-COHTROLTYPE OF RESUSCITATION APPARATUS 


In this type, oxygen or a mixture of oxygen and carbon dioxide 
is made available to the patient through a suitably constructed face 
mask. The rate at which the gas is fed to the wearer is controlled 
by the operator. 

A typical example of this type of apparatus (Fig. 2) consists of a 



steel cyliiuliT (a) of 10 cu. ft. capacity 
when fully charged at 120 atmospheres, 
which is fitted with a main valve (6) and 
a reducing valve. An attached pressure 
gauge (r) indicates the pressure and 
consequently the approximate quantity 
in the cylinder. 

The supply flows from the cylinder 
into a flexible bag (rf), the flow being 
regulated by means of a fine adjustment 
valve (f). The supply then flows from 
the fle.xiblc bag through an inlet or 
inspiratory valve (/), from which the 
patient inhales, into a flexible tube (g) 
leading Id a mask (/i) which covers the 
nose and mouth. 

The mask is fitted with an outlet, or 
exhaling valve (;), which allows the 
exhaled air to pass to atmosphere. 

W’hen using the apparatus the first 
step should be to verify that the cylinder 
is fully charged and that all joints and 
connections are quite tight. Place the 
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patient face downward in the prone position, turn on the main valve, 
carefully and gradually open the fine adjustment valve and then 
arrange the mask on the patient’s face. The fine adjustment valve 
should be so adjusted as to keep the flexible bag about half full, as 
over-inflation will cause wastage. 

Manual artificial respiration must, of course, be commenced imme¬ 
diately in all cases of acute asphyxia and the resuscitator brought 
into use in conjunction therewith at the earliest possible moment. 

2, THE LUNG-CONTROLLED TYPE OF RESUSCITATION 
APPARATUS 

This type works on much the same principles as the compressed 
air breathing apparatus already de.scril)cd. that is, gas is only released 
from the cylinder as it is required. It is, of course, more complicated 
in construction than the hand control tyj>c of resuscitation apparatus, 
but is more economical in that only the amount of gas that is 
inspired b}^ the patient is delivered. 

The apparatus is made in dilferent sizes, having either one )r two 
oxygen cylinders, but a description of the single cy linder type will 
suilice as the principle of the “ lung control " is the same. 

(o) Construction. Thr* apj)aratiis (Fig. .'!) comprises a 15 cu. ft. 
nlindei (a) with an attached main valve {b), a brcatliing bag (c) 
which contains the lung-opcratcd gas admission mechanism, a 
flexible breathing tube (r/) and a face mask (e). There is also a 
by-pass valve (/) to enable gas to be admit led to the face mask 
independently of the lung-operated mechanism, and the face mask 
it.self is fitted with an air admission orifice and shutter (g) and an 
exhaling valve (A). 

The pressure gauge (j) indicates the pressure in the cylinder which, 
when fully charged, should be 120 atmospheres. 

When using the a])paratus, open the cylinder valve and apply the 
mask to the patient’s face with the air orifice closed. Make sure 
that the mask fits properly and is held securely in position as any 
leaks round the edges will cause air to be drawn in. 

The gas is then automatically delivered by the patient's inspira¬ 
tory effort, which causes the bag to collap.se and actuate the lever 
controlling the gas admission valve. 

(5) By-pass Valve. The state of the patient's breathing can 
be determined by noting the movements of the flexible bag, 
and if the breathing is very shallow, or has ceased, the by-fass valve 
must be opened and thus allow the gas to pass from the cylinder direct 
to the bag and thence to the mask. Do not, however, over-inflate 
the bag when using the by-pass as this will cause a wastage of gas 
which will blow out through the exhaling valve on the mask. 

When the patient is breathing spontaneously the by-pass valve 
may be closed, as all the gas required will then be taken by means 
of the bag mechanism which only admits gas on inhalation. 

(c) Control of Air Supply. When normal breathing is re-established, 
the amount of ^as administered may be reduced by opening the 
shutter of the air-admission orifice. When this is slightly opened 
the patient will inhale partly air and partly gas. By increasing the 
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Dj)ening more air and less gas will be inhaled. When the shutter is 
opened completely all air and no gas will be breathed. If the 
respiration should appear to become feeble again tlie shutter should 
be dosed and artificial respiration resumed. 

The coTnj)onent ])arts of both the above types are self-contained 
in strong metal or wooden carrying boxes, and the apparatus 
itself should be ketil in a clean, dry place and be well cared for. 

(d)rest/ng. The 
cylinders should be tested 
periodically to see that they 
contain the full pressure of 
gas (120 atmospheres) and, 
after testing, the cylinder 
valve must be screwed down 
tightly so as to prevent 
leakage. 

The valves fitted on the 
masks are of rubber and 
these should be examined 
periodically to make sure 
that they are working freely 
and are not perished. 

After use the mask and 
tube should be disconnected, 
washed in soap and water, 
rinsed well in clean water 
and allowed to drain. The 
mask should be disinfected 
by wiping out with a disin¬ 
fectant of suitable strength. 

When fitting a cylinder 
to the lung-operated type 
great care must always be 
taken not to bend the 
lever of the lung-operated 
mechanism inside the bag. 

1. APPARATUS FOR AD¬ 
MINISTERING CAR¬ 
BON DIOXIDE AND 
AIR BY MEANS OF 
CAPSULES 

To employ the valuable 
stimulating properties of 
carbon dioxide without the 
drawbacks due to the weight of heavy cylinders, the use of small 
capsules of highly compressed gas, similar to tliose used for the home 
manufacture of soda water, has been developed. Such resuscitatois 
do not supply oxygen and consequently are not so efficient for treat¬ 
ment in some cases, but their light weight and portability combined 
with relatively small cost make them a useful adjunct where larger 
apparatus is not available. 



Fig. 3. 


Resusdutlon ipparacus- 
concrolled type. 


-lung- 
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The model described below may be taken 
as of this class of resuscitator. ..key 

(a) Construct/on. The apparatus (Fig. 4) jT j 

consists of a holder (a) in which is placed 

a sparklet bulb or capsule (ft) and a valve 
kev (c). which controls a fine adjustment 
valve (*/). JJ 

The capsule of carbon dioxide for this w«snrr w|l 
model is CJ in. long and slightly over 
J in. diameter, and contains 25 gramme.s 
of liquid carbon dioxide, which produces 
approximately 12J litres of gas, being 
sufficient for a six-minute supply at an 
optimum rate of 2 litres per minute. 

(b) Charging. The apparatus is charged 
in the following manner. First, screw 
down the valve key (c) without using force, 

so as to close the line adjustment valve, and I 

then unscrew and remove the holder (a). hDiiitr(a) 

IMace a capsule in the holder and screw pjg, 4, Carbon dioxide and 

down rapidly as far as it will go. This alrapparatus bulb and 

0 })cratk)n prcs.ses the capsule neck against holder, 
the washer (/), so making a gas-tight 

joint, and pierces the capsule by means of a piercing pin (e). 

(c) Operation, (i) Open Method. To start the gas flowing, the 
resuscitator is held as nearly as possible in an upright pf)sifion 
with the nozzle (g) and valve body fiimly gripjjed between the thumb 
and fingers. The valve key is then gently turned in an anti-clock- 
wnse direction until the gas flows at the required rate through the 
nozzle. 


alrapparatus.bulb and 

holder. 


When the supply of gas is exhausted, another capsule, if required, 
can be quickly inserted. The empty capsule is removed by first 
opening the fine adjustment valve (by unscrewing the key), so 
ensuring the discharge of all the gas, and then unscrewing the lioldcr 
and removing the capsule by turning it in a clockwise direction as 
it is withdrawn, so as to prevent the guide washer retaining ring 
being unscrewed. 

This method of administering carbon dioxide is known a.s the 
" open method.” The resuscitator nozzle is held about 2 in. from 
the patient’s nose and mouth, and the gas mixes with the inspired 
air. When necessary the patient must, of course, first be moved 
into respirable air. 

As with other types of resuscitator, manual artificial respiration 
must be employed immediately in cases of acute asphyxia and kept 
up until normal breathing returns. The carbon dioxide should be 
given at the earliest possible moment and a high concentration of 
the gas can be used at first, bearing in mind the remarks already 
made regarding carbon dioxide asphyxia. The amount may be 
varied at will by opening or closing the fine adjustment valve or by 
varying the distance at which the nozzle is held from the face. 
Almost pure gas may be administered by covering the face with a 
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handkerchief, and in this way one inspiration has frequently been 
the means of stimulating respiration. 

After the first signs of a return of breathing, manual artificial 
respiration should be continued in an atmosphere of 5 to 10 per cent, 
carbon dioxide. This concentration may be obtained by a gentle 
flow of gas mixing with the inspired air when the resuscitator nozzle 
is held about 2 in.^. from the patient's nose. As the effect of the gas 
is easily observed, no accurate gauge of the flow is necessary. 

(ii) Closed Method. This type of resuscitator can also be used 
for the " closed method " of carbon dioxide administration by the 
addition of a bag and a face mask incoq)orating a carbon dioxide 
and air mixture fitment. 

The resuscitator should be assembled as illustrated in Fig. 5, and at 
the average or artificial rate of respiration a mixture of approximately 
7 per cent, carbon dioxide and 93 per cent, air is inhaled. 

The resuscitator is charged as for the " open method." The 
gas regulator (a), which is attached to the mask, is then set at 
the "Air" position and the mask is placed on the patient's face, 
being held in position by the elastic band. The resuscitator is held in 
the upright ]X)sition. with the nozzle and valve body firmly gripped 
between the thumb and fingers and the valve key gently turned to 
inflate the bag to an easy pressure without tension on the rubber. 

The gas regulator is then set at the " Air and CO, " position and 
the carbon dioxide will then flow into the mask at approximately 
2 litres per minute, mixing with the inspired air which is allowed 
free entry through the holes. This mixture, on inspiration, is 
approximately 7 per cent, carbon dioxide and 93 per cent. air. 
The valve key is then adjusted so as to allow a steady flow of gas 
into the bag. The apparatus is recharged and the empty bulb 

removed as detailed for the 
" open method." 

Owing to the small size 
of the capsules used there 
should, of course, be an 
available reserve to meet 
emergency requirements. 
The empty capsules can 
be returned to the manu¬ 
facturer for refilling, which 
Fl|. 5. Carbon dioxide and air apparatus, ^ cheaper than piuchasing 
complete assembly. further new supplies. 

4. THE ROCKING RESUSCITATION STRETCHER 

Experimental research on resuscitation has shown that if means 
ore provided to enable the body of an apparently asphyxiated person 
to be swung so that the feet and the head are alternately uppermost, 
the same effect is achieved as by manual artificial respiration. 
Wlien the head is downwards the weight of the abdominal contents 
of the body pushes up the diaphragm and compresses the lungs, 
thus causing exhalation, whilst in the feet-down position the abdo¬ 
minal contents pull down the diaphragm, thus causing inhaiatiom 
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A special rocking stretcher which provides an alternative to Sch&fer's 
method of manual artificial respiration has been designed to carry 
out this movement. Altliough this apparatus is not widely used 
in the National Fire Service a brief description of its construction 
and use is given, as it is possible that it may be encountered. 

The apparatus (Plate 7, facing page 43) consists of a metal 
stretcher and a collapsible attached base. When the apparatus is 
assembled for use, the base forms a triangular shape in elevation, the 
broad portion of which rests on the ground and the stretcher be¬ 
comes, in effect, a " see-saw '' balanced on the apex of the metal base. 
As the body is well balanced, the duties of the operator are confined 
to tilting the stretcher at the required time interv'als for breathing. 

The patient is placed prone on the stretcher, the rocking being 
started immediately he has been secured by means of the attached 
straps, with his face in the padded groove provided, and his feet on 
one of the cross-members. 

The tongue cannot fall back and water will drain from the lungs 
and stomach of an immersion case in a deliberate preliminaiy^ head- 
down position. 

The apparatus is designed to take either a child or a large adult. 

An attached mercury timing device indicates the correct timing 
of the movement on the basis of 15 complete cycles per minute, 
and also allows more time for inhalation then exhalation. Imme¬ 
diately the mercury ceases to flow the stretcher is smartly rocked 
through its full range, which is 100 degs. 

It must, of course, be remembered that this is merely an alter¬ 
native to Schafer’s method of manual artificial respiration, and, 
when available, oxygen, or oxygen and carbon dioxide, should 
preferably be simultaneously administered in cases of acute asphyxia. 
In this rocking method the operator is called on for considerably less 
physical exertion, and warmth, which is all-important, can be freely 
applied during resuscitation. The complete apparatus packs up 
flat and is easily stored and transported. 

Tliere are, in addition to the types previously described, forced 
breathing types of resuscitation apparatus, but in using this type 
of apparatus there is always a danger of the operator damaging the 
delicate tissues of the patient’s lungs. The operator could, for 
instance, administer gas for a longer period than desirable or, 
conversely, extract it too quickly. For this reason no attempt has 
been made to describe any such apparatus, and its use cannot be 
recommended. 

There is no standard issue of resuscitation apparatus to the 
National Fire Service, but as sets of the types previously described 
were used in many parts of the country prior to nationalisation, 
it is necessary for personnel to be acquainted with their construction 
and use, so that whenever called upon to operate them there shall be 
a minimum of delay. 

Where such apparatus is provided, officers in charge should see 
that all personnel periodically practise the correct working methods 
(without necessarily using the gas) so that in case of necessity they 
may be conversant with resuscitation procedure. 




PART I CHAPTER 13 

SMALL GEAR 


U NDER this heading are included all those items of gear carried 
by Fire Service vehicles and appliances which are not described 
in other chapters. It is not proposed, for example, to describe here 
the sficcialised equipment carried on emergency and foam tenders, 
or on turntable ladders, which will be found described in detail in 
the chaj^ters dealing with those appliances. Various other associated 
ilems, such as lines, hf)se fittings extinguishers, and hand-pumps are 
also rle.scribed clsowlicrt', (his first part of the Manual thus 
crinlMining a complete survey of the gear used by the Fire Service. 

Although the gear carried on a lire appliance presents rather a 
xniscellancous appearxmee if laid out beside the appliance, its selection 
is the result ol years of experience, and the continual development of 
new, and the elimination of unwanted, items have resulted in an 
equipment which is logical, efficient and economical. 

It is remarkable that, despite the number of regular brigades exist¬ 
ing before nationalisation, and their diversity in almost every other 
way, the small gear carried on appliances was very largely standard¬ 
ised throughout the country. Local differences existed, of course, 
as was inevitable from the fact that the gear was purchased from 
private firms, who naturally tended to produce refinements in the 
various items to distinguish them from the products of their 
competitors. 

In the main, however, the equipment carried was identical, and 
fell naturally into groups of associated tools. These are :— 

1. Breaking in tools. 

2. Cutting away tools. 

3. Rescue gear. 

4. IJghts of various kinds. 

6. Turning over tools. 

6. Transport tools ; such as jacks, spanners, wheel-braces 
and other tools used for the maintenance of the vehicle or appli¬ 
ance, and finally (7.) a selection of special and miscellaneous equip¬ 
ment which varied with the t^-pe of appliance. 

The gear issued with emergency appliances, being intended to 
cover as far as ])ossible similar requirements, is essentially the same 
as that carried on the ex-regular appliances. It is possible, therefore, 
to regard the issue of small gear as being almost standardised. 

To standardise the stowage of such gear, however, pre.sents some¬ 
thing of a problem, owing to the diversity in design of Fire Service 
appliances, both ex-regular and emergency. As far as possible, 
stowage should be standardised on lines laid down for the Service in 
respect of certain types of vehicles. Where the arrangement of the 
accommodation is such that the standard method of stowage is 
impossible, then gear should be arranged to approximate in location 
as closely as possible to any set standards. The advantages of stan¬ 
dardised stowage are many, the principal one being that fresh crews 
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can take over an appliance and know immediately where all items of 
gear are kept, thus greatly facilitating work in the dark and speeding 
up operations. 

The rapid location of gear can be further simplified, with a little 
ingenuity in the use of hooks, slots, webbing straps and other fittings, 
by stowing the individual lockers so that all the gear contained in 
them is immediately visible on opening the lid or door. Further 
assistance can be provided, if required, l)V indicating the position of 
eacli item against its name on the gear list, and by pasting inside 
the lid of each locker a list of the gear it contains. 

Small gear in general needs little maintenance, but should be 
inspected regular!}^ and cleaned as retiuired. Metal turds in parti¬ 
cular should be kept scrujiulously clean to j)revcnt the fiTinatiori of 
rust, and the wooden shafts of axes, spades and similar tools should 
be scrubbed periodically. 

I. BREAKING IN TOOLS 

Breaking in gear consi.sts essentially of a number of heavy metal 
tools, which have been adapted for Fire Servu'ee use rather than 
specially developed for this purpose, wdth the addition of a few 
specialised proprietary tools. In the first ciitegory are axes, 
hammers, chisels, shears and like tools ; anri in the .second, the 
various patented door breakers and padlock removers. 

Large Axe. The axe used in the Fire Service Is similar in design 
to that used by lumbermen in tlic Dominions, commonly knemm as 
a '* felling axe." The materials from which it is constructed vary, 
but for perfect balance and rhythm in use the shaft should be shaped 
from a length of selected ash cut with the grain of the wofxl. 
The head is made from forged steel, sufficiently tempered to retain 
a fine cutting edge, and shr)uld be firmly secured. 

It Ls important tliat the axe should be wadi made and perfectly 
balanced, and that the head should be secure, as it is frequently used 
at great heights from the ground and on narrow ledges, when a 
|K>orly balanced tool would be dangerous. 

The large axe is used to break through wooden obstructions, doors, 
fences, partitioas, etc., w'liich impeile the speedy application of 
w'ater to the fire, or hinder re.scue operations, and which arc too 
substantial for the small axe carried on the l)elt. At least one large 
axe should be carried on all firefighting ai)plkince.s in such a way 
that the cutting edge is protected from damage. Two large axes 
are issued with every emergency extra-heavy unit, heavy unit and 
large and medium trailer pump, and one with every liglit pump and 
escape-canying unit. 

S/iears. The shears employed by the Fire Service are obtained 
from various machine tool manufacturers w'ho stock them for 
engineering uses. They vary slightly in patrem, but, like the 
majority of small gear, are similar in cssenti^. 

The type most generally used (Fig. 1) is similar in design to the 
shears used for pruning trees, but of exceptionally heavy construc¬ 
tion. having short bills and long hand grips to give the necessary 
leverage. The bills usually work on a ^uble fulcrum and are 
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fitted with a release spring. In some cases semicircular slots are 
cut in each blade to enable the shears to be used as bolt cutters. 


The shears are used for rnttin^ padlocks and bolts to effect 
an entry into warehouses and other industrial places, which are 

usually protected by heavily 
noir h^d oi.hf.rip.vononbaiijD.nl. bolted doors. Theywillnot. 

lor culling ai .n angiv howBver, be effective for 

1 / certain types of padlocks 

J which have case-hardened 

hasps. They can also be 
used for cutting wire fences 
which prevent the access 
pumps to open water, 
I and for a wide variety 

V I of similar purposes. 

\| Routine maintenance of 

diaqrdm showing head oi uimi. thcse tools CORSists of pcriO- 

^ r.gni .ngif. .o n-ndir. dicvil inspectioR and cleaning 

Fig. I. Typical pair of shears with pivoted and the application of a 

heod for cutting at an angle. little oil as required. Shears 

will be found on some ex- 


^- diaqrdm showing head oi uiedi. 

j. rigni Lfigie'. lO nundir j 

Fig. I. Typical pair of shears with pivoted 
heod for cutting at an angle. 


regular emergency tenders and similar appliances but are not issued 
with emergency pumps. 

Cold Chisels. Cold chisels of various types were widely used on 
ex-rcgular Fire wService appliances. They are similar in design to 
the steel chisels in common use, and vary in size from a few inches to 
a foot long. 

The cold chisel is principally used in conjunction with a 4-lb. or 
7-lb. hammer for cutting away concrete when dealing with hearth 
fires, and for removing fireplaces and bricks to provide access to 
defective flues and sometimes for cutting away stonework to free 
iron bars to windows or other openings. 

Cold chi.scls are also used to effect an entry into buildings fitted 
with steel dcxirs where shears cannot be used or are not available. 


For this purpose the chisel is held on the head of the bolt securing 
the hinges and struck with a sledge hammer until the head of the bolt 
is sheared. When all the bolts have been sheared the hinge is 
wrenched off the door, either with the chisel or a crowbar, and the 
door released. 


Routine maintenance of the tool consists of periodic inspection 
and cleaning, and re-grinding of the cutting edge when necessary. 

Several sizes of cold chisels will be found on the majority of 
ex-regulnr appliances, but none are issued with emergency appliances. 

Crowbars. Crowbars of various types form an essential part of 
the equipment of fire appliances. The most common type consists of 
a steel bar about 3 ft. in length, either one or both ends of which are 
shaped at an angle to provide leverage. One of these ends is usually 
divided so that the bar can be used for levering out naib, screws and 
similar fittings. Crowbars are used to provide the necessary leverage 
for all tyi>es of breaking-in and rescue operations. They should 
be stowed in the locker set aside for breaking in tools, and call for 
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little maintenance other than routine inspection and cleaning as 
necessary’. 

Crowbars will be found on all Fire Ser\'ice appliances. Two are 
issued with every emergency extra-heavy unit and escaj)c-carrying 
unit and one with every heavy unit and trailer pump. 

Hammers. Hammers of every size and type from the 14-lb. 
sledge hammer to the small bail-peine hammer issued with tool kits 
are carried on Fire Service appliances. The hammers used are the 
ordinary commercial type and need no maintenance other than 
routine inspection and cleaning. 

They are used for a variety of purposes, the most common being 
in conjunction with cold chisels as described above. No hammers 
other than those issued with salvage tenders and with iocil kits are 
carried on emergency appliances. 

Other Breaking In Tools. In addition to the above standard 
tools, which are widely used for effecting a forcible entrv to premises 
on fire, a variety of other tools, some patented by different manu¬ 



facturers and some developed from the ideas of local officers, were 
used for these purposes by individual brigades. In this class come 
the innumerable shapes and sizes of bolt cutters (Fig. 2), padlock 
removers, door breakers, persuaders, levers and wedges of all 
kinds. 

Some typical tools in this category are described below, but a wide 
range of similar tools, the innumerable variants of which it would be 
impracticable to describe, may be encountered on ex-regular 
appliances. 

The use of such tools is, however, generally self-explanatory and 
their maintenance is the same as that described for other metal tools. 

(i) Door Breakers. Several proprietary tools have been produced 
for breaking in locked doors. Although different in design and 
construction, all work by the application of the principle of leverage. 
A typical example consists of two steel bars of different lengths, the 
shorter being adjustable, joined in such a way that if the shorter 
arm is plac^ against a door, the application of force to the other 
arm exerts a tremendous pressure on the door panel (Fig. 3). Another 
type is inserted in the crack of the door and the application of 

m 
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pressure forces the door off its hinges. The " Alderman ** or 
*' Alexander ” described under " Flooring Tools " (see later) can 
also be used to lift a door off its hinges by inserting the wedge- 
shaped end underneath the door and applying leverage. These 
devices are extremely effective, in some 
cases so much so that a police permit is 
necessary for their use, but they are not 
widely known and their use is restricted to 
a few ex-regular brigades. No such device 

Fig. 4. Padlock remover. is ksued with emergency aj^pliances. 

showing method of use. (u) Padlock Removers, The majority 

of ex-regular appliances carry some form 
of special lever or otlier tool, usually of local construction, to facili¬ 
tate the ra})iil removal of padlocks. 

A typical example of this type of tool is illustrated in Fig. 4. To 
f)pcTate, the lock is inserted in either opening and the other end is 
tlieii turned so to twist off the lock. 

If no special tools are available padlocks can often be forced by 

wedging the hasp of the lock 
against the door with its hinge 
dowiiw'ards and giving the body 
of the lock a sharp blow with a 
hammer. 

(iii) Persuaders. A persuader 
Fig. 5. Persuader. is a form of cold chisel which 

has been specially constructed 
for the removal of locks the hasps of which cannot immediately be 
broken by means of a padlock remover, crowbar or other lever. 

h'ig. 5 shows a typical tool of this type, consisting of a tapering, 
cigar-shajied steel chisel, which is permanently secured in a wire 
holder. The chisel is not pointed, since its function is not to cut 
but to break the lock by the expanding effect of its being driven into 
the hasp. To operate, the chisel is inserted in the hasp and its head 
struck with a sl^ge or other heavy hammer until the lock is broken 
open. 

2. CUTTING AWAY TOOLS 

Cutting aw'ay tools consist in the main of the different types of 
saw, which are supplemented by chisels and files of various types and 
sizes. The distinction between standard and special tools mentioned 
in the section on breaking in tools applies with equal force to the 
cutting away tools, the saws being more or less standardised while 
a wide variety of tools is used for such specialised purposes as 
opening floorboards, cutting ventilation holes and similar operations. 

Saws. A wide variety of saws will be found on Fire Service 
appliances. The standard issue on emergency appliances is a small 
double-edged panel saw about 16 in. long havmg np teeth and tenon 
teeth, which is carried in a wooden case to prevent the teeth being 
damaged by other gear in the same locker. One of these saws is 
carried on every emergency appliance. 

Ex-regular appliances may carry any kind of saw, including key- 
111 
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hole saws, tenon saws, large rip saws, hack saws and panel saws of 
every size. These are identical with the ordinary conunercial tools 
and need no description. 

A more specialised type is the saw used for cutting a hole in 
worxlen floorboards, known as a floor or “ cockerel " saw (Fig. 6) 
(from tlie re-einblance between the blade of the saw and a cocks¬ 
comb). ^This has a handle similar to the normal hand saw but is 
fitted yrith a convex-shaped blade which enables a lateral incision 
to be made without the previous use of :m augur and keyhole saw. 
Another saw which has been specially designed for use in situations 
where there is insuflicient space to operate the normal type, is tlic 
" chain ” saw. This consists of a series of articulaled links each of 
which is fitted with teeth. “ T *' handles are providetl at each end, 
and the saw i.s operated by passing one end round the obstruction 
to be reinovcxl and pulling on each handle alternately. 

Saw-blades should always be protected by a woixlen or leather 
ca.se to presene the teeth, and the 
saw should, whenever possible, be 
stowed on hooks or in slots to pre¬ 
vent it being throwTi about among 
heavy tools. 

Saws rail for little maintenance 
other than periodic inspection and 
cleaning. The blades should be given a thin film of oil to preserve 
tliom from rust and the teeth re-shar])eneil or reset wlicn neccs.sary. 

Chisels. The t> 7 )e of chisels carried on ex-regular appliances, 
owing to the wide range available from tool manufacturers, depended 
entirely upon the preferences of the local oflicer. It i.s therefore 
impossible to give any description, or lay down sizes, which could 
be said to ajjply to more than one or two brigades. No chisels are 
issued with emergency appliances. 

Tlie chisels us^, other than the cold cluseLs described with the 
other breaking in gear, were generally of the type employed for 
woodwork, and should need no description. SjieciaJ diisels were, 
however, developed for use in levering up flcKjrboards when dealing 
with hearth fires, or when ventilating a building. 

Although the issue of chisels v/as not standardised, at least one, 
and probably several, will be found on the majority of ex-regular 
appliances. If chisels of the wooden-headed tyyxi are used a mallet 
will also be found on the appliance and should always be used with 
the chisel to prevent damage to the head. 

The above tools comprise the cutting away gear normally found 
on ex-regular appliances. There are a number of other tools which 
may be encountered, the use of which is too restricted to justify their 
inclusion here. The following tools, however, although not generally 
issued, are carried on a fair proportion of ex-regular appliances. 

(i) Flooring Tools. Several ex-regular brigades carried on their 
appliances complete sets of tools for removing floorboards. A set 
of such tools normally consisted of a floor saw, chisel, hammer and 
some fonn of special floor lever. 

A typical example of this type of lever is the AldennaD or 



Fig. 6. Floor saw. 
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Alexander ” used by some ex-brigades. This consists of a wooden 
shaft about 3 ft. long on which is secured a steel wedge, so shaped 
that the pointed end can be used to prise up a floorboard, being 
driven in if necessary by a blow from a hammer, and leverage then 
applied to force out the board. Similar tools are also made with a 
steel shaft, the top of which has a crowbar tip. 

(ii) Hay Knives. Ex-regular appliances covering rural areas 
often carry a special type of knife for cutting away the affected 
sections of burning hay ricks. 

The knives used for this puqx)se have a wedge-shaped blade about 
2 ft. long (sharpened on one edge only) on which is mounted a 
" T *’ handle. The blade is driven into the hay and worked up and 
down to cut away sections of the rick which can then be forked out. 

A stone is usually carried for sharpening the blade as it loses its 
edge rapidly when used on hay. 

(iii) Miscellaneous Tools. In addition to the above, a variety of 
miscellaneous tools for cutting away operations may be found on 
ex-regular appliances. These are generally ordinary commercial 
and industrial tools which were found valuable at one time or 
another by individual brigades, and their use perpetuated by custom. 

Such tools comprise files, augurs, drills, brace and bit, and allied 
tools, the types and sizes of which differ too widely for any standard 
to be laid down. 


1. RESCUE GEAR 

The rescue gear carried on emergency appliances consists essen¬ 
tially of the standard l(X)-ft. line (or lifeline on turntable ladders) 
and whatever ladders are carried on the appliance. 

Ex-regular appliances carry several items of specialised equipment 
for rescue work, the use of which, while not general, is sufficiently 
widespread to justify their inclusion in this chapter. The use of 
these various items of gear will be found fully described in the 
Chapter on " Methods of Rescue." 

Rescue gear should, wherever possible, be carried externally 

on the appliance in quick- 
release satchels or containers. 
Where this is not practicable 
the most accessible locker 
should be used, and the gear 
stowed in such a manner that 
it is immediately available. 

Jumping Sheet. A jumping 
sheet consists essentially of 
a circular or square sheet 
of canvas about 10 ft. 
across, fitted with a number 
of hand beckets spaced about 
12 ins. apart round its edge. 



Fif. 7. Typical circular jumping sheet 
showing method of strengthening. 


The construction, particularly in the method of strengthening, 
varies slightly. A typical example (Fig. 7) was made by hand from 
24-in. widths of No. 1 canvas into a circle of 10 ft. diameter. 
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Two 24-iii. strengthening bands of the same material were sewn 
across the diameter, and an additional centre piece 36 ins. diameter 
was also sewn in. The circumference was strengthened b}" a wpe 
sewn into the seam of the canvas, and was fitted with 24 hand 
beckets spaced 12 ins. apart. 

The jumping sheet should only be used when circumstances do 
not permit of the use of other means of rescue, or when it is feared 
that a person will jump down before a rescue can be effected by 
other means. It is an emergency appliance only, and c.xtreme 
caution should be exercised in its use. which will be found fully 
described in the Chapter dealing with " Methods of Rescue." Ajxirt 
from their normal function, jumping sheets are widely used as the 
most convenient means for the removal of bodies from rire.s. In 
some areas, however, special sheets, known as body sheets, are 
provided for this purpose. 

Jumping sheets call for little maintenance other than periodic 
inspection. They should be thoroughly examined after 
use, whether for drills or at a fire, and if wei or damp 
should be dried thoroughly before being re-stowed. 

Much the same remarks apply to their care and main¬ 
tenance os were made on the subject of canvas hose. 

Jumping sheets are not issued with emergency 
appliances, but one will usually be found on all 
ex-regular appliances. They are normally carried 
externally on the appliance, ready for immediate use, 
in a special canvas bag provided for the purpose. Fig- 8- Brake 

Broke Block. A brake block (Fig. 8) consists of checkin**^ihe 

a highly polished brass fitting in the form of a square speed of a line 

figure 8, having at the top a projecting shoulder and rove through 

a ring for attaching to the head of an escape or to a it- The illus- 

building. The object of the brake block is to check [[i^f'ijne*^rave 

the speed of rope which is being used for lowering. double 

The brake block is secured in position by means of lock, 
the ring, and one end of a line is led over each side 
of the shoulder and both ends brought up through the middle of the 
top part of the figure. This is known as a single lock. 

If a double lock (Fig. 8) is required to give an additional braking 
effect, the lines are led over the centre bar and under the lower part 
of the figure. 

Brake blocks will be found on many ex-regular appliances but are 
not issued wdth emergency appliances. 

Rubber Gloves. Rubber gauntlets or gloves of various patterns 
are used by the Fire Service at fires and other occurrences where 
live electrical wires or apparatus are involved. Specifications vary 
considerably with the maker but most are tested to 15,000 v., 
though they should not be used on circuits exceeding some 
3,300 V. 

Their primary use is for rescue, as, for example, to extricate a 
person who is in contact, or suspected of being in contact, with 
electrical apparatus. They may sometimes be used by branchmeii 
when the use of water on electrical apparatus is unavoidable. 

23S 
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Rubber gloves should also be worn when dealing with electrical fires 
on tram cars, as the control panels at each end of the lower deck 
usually carry about 600 v. 

Rubber sandals which are designed to slip over leather fire boots 
are also used in some areas as an additional precaution when wearing 
rubber gloves or gauntlets. In other localities a rubber mat and 
sometimes special rubber boots are also carried to give additional 
protection when using the gloves or gauntlets. 

Rubber gloves are carried on ex-regular appliances only, and have 
not been issued with emergency appliances. 

RubVjcr gloves are normally stowed, covered with french chalk 
to jireserve them, in airtight metal containers. Little maintenance 
is therefore necessary and, in fact, the less they are handled the 
better. Arrangements should, however, be made for testing at 
regular intervals by the manufacturers. 

Asbestos Equipment. The application of asbestos to firefighting 
is at present largely confined to the use of 
asbestos blankets and gauntlets for smother¬ 
ing carburettor tires and other similar 
outbreaks. 

A certain number of these blankets and 
gauntlets have been issued to the National 
Fire Service for use with foam branches to 
jjrotect firemen working at oil fires on account 
of the relatively short distance at which it is 
necessary to work when using foam. 

TJiese blankets (Fig. 9) are made from 
Fig. 9. Asbestos blanket, asbestos cloth in squares of from 3 to 6 ft. 
showing method of sometimes ciuried in tubular metal 

tainer ready for imme- containers or quick-release satchels. The 
diate release. use of blankets of this type is not stan¬ 

dardised, but at least one will be found on 
the majority of ox-regular appliances. 

The only other service application of asbestos is the use of com¬ 
plete suits wliich protect the w'hole body and allow the wearer to 
vent lire for a limited time into the heart of the fire itself. These 
suits arc jirincipally used on airfield tire tenders to assist in tlie 
rescue of personnel from burning aircraft. A limited number of 
stM vice appliances w^hich cover airfields also carry these suits, but 
their issue is too re.stricted for them to be regarded as in any way a 
standard item of equipment. 

Asbestos suits are either of the all-in-one type, comprising a 
helmet, coat and boots, or in three pieces, consisting of a separate 
helmet, coat and trousers. The suits are extremely hot and heavy 
to wear and, once the visor in the headpiece is closed, the wearer 
lias to rely on the air inside the suit only for his supply. It is 
considered that two minutes is the maximum time during which 
one of these suits am be worn with safety in a heated atmosphere 
and then only by a trained and Uioroiighly fit man. Any general 
application of such suits to firefighting is therefore out of the 
question. 

2H 
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Quick Release Knives. A special type of knife b sometunes carried 
on appliances which may be called to fires in crashed aircraft. It 
consbts of a strong sheath knife, the blade of whicli is sl:ar]:)ened 
to a razor edge on one side and rounded on the other. The knife 
is used in emergencies to cut the safety belts which secure the crew 
in the aircraft. It is inserted inside the belt with the blunted side 
again.st the airman’s body. 

Other Rescue Gear. There are, of course, other iteni.s of rescue 
gear to be found on appliances wdiich are not descrilied above. 
These are such items as hook ladders and ladders generalJv', turii- 
iable ladder slings and lowering and life lines, all of which have been 
described in earlier chapters. 

4. LIGHTS 

Perhaps the greatest variation in small gear between former 
brigades was in the types of lights carried for ii.^e in fnTlighli’\g and 
at other occurrences. Every ty])e of hunp from oil lamps to 
]powerful electric searchlights and floodlights lias been adapted for 
Eire Service use and it is difficult, therefore, wit limit tl ascribing 
individual t}’pe.s at great length, to give detaihs which will apply to 
the Service generally. 

In the main, tlic lights used in the Service may be roughly classified 
as :— 

(fl) Electiic hand lamps of various types. 

(6) ,, box lamps ,, 

(c) „ searchlights and floodlights of various types. 

(d) Dissolv’ed acetylene and carbide lainjis. 

(e) Oil lamps. 

(□) Electric Hand Lamps. The electric hand lamps u.scd by the 
Ser\dce fall into two main types :— 

(i) the ordinary commercial hand lamp with a dry battery, 
made in various jiatterns ; and 

(ii) special lamps, some adapted from those used in mines, 
of greater durability and provided with a rechargeable battery or 
accumulator, these latter being usually known by a proprietary 
name. 

(i) Emergency Hand Lamps. These call for little description, 
consisting essentially of a metal case fitted with a bulb holder, and 
using the ordinary commercial dry battery (Fig. 10 (i)). They are 
used for a variety of purposes, and may generally be described as an 
individual lamp for short period use. 

(ii) Proprietary Hand Lamps. Various types are used in the 
service with breathing apparatus, and on other occasions when 
sustained light is required. 

One of the most popular of this type of lamp consists of a 
japanned metal case in which is fitted a 2-v. accumulator of 
7-ampere hour capacity. (Fig. 10 (ii)). The case is fitted with 
an adjustable reflector, and in some models provision is made for 
carrying a spare bulb. Contact is made by means of an external 
rotary switch on the top of the case. This lamp is characterised 
by careful attention to design but suffers from the disadvantage, 
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from the point of view of breathing apparatus work, that it is not 
gas-tight. 

It is essential that any lamp used by breathing apparatus men 
should be gas-tight, since work will at times have to be undertaken 
under conditions in which any accidental and exposed spark from a 
faulty contact or other cause would be dangerous. The lamps used 
by breathing apparatus men have for this reason been largely 
developed from those used in mines. 

These lamps consist in essentials of a circular metal, or composi¬ 
tion, container in two portions, which are joined by means of a 
screw thread or bayonet type joint. The lower portion contains a 
2 or 4 v. accumulator of from 5 to 7 ampere-hours capacity, and 
the upper portion comprises a sealed bulb holder and reflector. The 
divided construction enables the light to be switched on or off by 



Fig. 10. Typlcil hand lamps : (I) emergency type battery hand lamp ; (li) pro¬ 
prietary rechargeable accumulator hand lamp ; (III) typical breathing 
apparatus lamp ; (Iv) electric box lamp ; (v) emergency type hurricane 
lamp. 


means of rotating contacts which are operated by turning the head 
of the lamp. An internal switch of this type is an essential feature 
of a gas-tight lamp since an external switch would be impracticable. 
A typical example of this Xypt of lamp is shown in Fig. 10 (iii). 

Another type of lamp which has been primarily developed for use 
by breathing apparatus men consists of an accumulator hand lamp 
in which is incorporated a buzzer alarm. When the light is switched 
on the buzzer comes into operation, and a contact must be held 
down to prevent it sounding. Consequently, if the man is overcome 
by fumes and drops the lamp, the ^arm sounds and a warning is 
thus given that help is requir^. This type of lamp suffers from the 
disadvantage that it puts one hand out of action for any useful work. 
It is therefore admirable for preliminary exploration or in5i)ection of 
smoke-logged premises, but is of little v^ue for prolonged operations. 
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All these special types of hand lamp may be found fitted with 
either shoulder straps or spring clips for affixing to the belt. 

Accumulator t 3 rpe lamps should be tested daily to ensure that 
they are available for use. The accumulator 
should be removed weekly for examination and 
recharging if necessary. All contact points, 
terminals and other metal parts should he kept 
scrupulously clean and a light film of vaseline 
applied to prevent sulphation by creepage of 
arid. 

There is no standard issue of accumulator 
type hand lamps to appliances. At least one 
lamp of this type will, however, be found on 
the majority of ex-regular appliances, and their 
issue for use with breathing apparatus has 
recently been approved. The scale of issue will 
be one per set of breathing apparatus. The type 
of lamp which has been adopted is illustrated in 
Fig. 11. It will be seen that the lamp consists of 
a container of the type described above, con¬ 
structed from copper, and having solid brass joint rings. The lower 
jxirtion of the container houses a 2 v. B ampere-hour jclly-acid 
accumulator, and the upper portion a highly polished bull's-eye 
type reflector, fitted with a focussed bulb. The lamp is gas- and 
w'ater-tight, and is fitted with a carr>mg handle and hook. The 
total weight is 2 lbs. 12 ozs. 

(6) Electric Bom Lamps. Electric box lamps consist of a metal 
or wooden case containing an accumulator of from 2 to 6 v. capacity 
and having an electric bulb in a protecting cage, cither on the top 
or on the side of the container. (Fig. 10 (iv,).) The box lamp is used 
where sustained illumination is required for a period over which it 
would be uneconomical to use a hand lamp, such as to light up rooms, 
stairways, etc., in buildings in which the normal lighting has failed. 

It is extremely valuable when working in dark and difficult 
conditions, as owring to its weight, construction and general stability 
it can be left standing in the middle of a room, thus leaving both 
hands free for other work. 

Box lamps should be examined weekly and the battery removed 
and topped up with distilled water as required. All terminals and 
surfaces on which electrolyte has been spilled should be wiped clean 
with a rag damped with a solution of washing soda in water, parti¬ 
cular attention being paid to the removal of verdigris from terminals, 
surfaces and screw threads. After all verdigris has been removed, 
the terminals should be given a light smearing of vaseline to prevent 
corrosion by acid, but not sufiicient to accumulate dust. The 
battery should then be tested with a hydrometer to ensure that it is 
fully charged and, if necessary, recharged. 

Ihe use of box lamps was not standardised but one at least will 
normally be found on almost all ex-regular pumps, special service 
tenders and similar vehicles. They are not issued with emergency 
appliances. 



Fig. II. B*eathing 
ipparitus limp. 


Uf 



ftMALL OIAR 


PART I 


Electric Searchlights and Floodlights. The electric hand lamps 
described above are designed to provide restricted illumination 
over a small area, and are generally used inside buildings. In 
normal times as much light as possible should also be provided on 
the lire ground itself, to assist in the marshalling of appliances, the 
recognition of officers, and firefighting operations generally. 
Electric .searchlights and floodlights are generally used for this 
pur|X)se, having largely superseded the dissolved acet 3 'lene and 
carbide lamps which were once universal. 

An electric .searcJilight consists of a single filament larnj:< mounted 
in a reflecting container. Some form of swivelling and focussing 
adjustment is usually provided, and the lamp may be either mounted 
on the appliance or on a self-contained tripod, in which latter 
case a reel of heavily insulated rubber wire is also 



carried. 

Special service tenders occasionally carry an ex¬ 
tremely powerful searchlight fitted witli high- 
voltage bulbs, requiring a current in tlie neiglibour- 
hood of 25 amperes at 100 v., and consequently 
cannot be operated adequately from the ordinary 
accumulator carried on the appliance. The requbitc 
power is provided by a many-celled battery and 
suitable voltage dynamo specially fitted to the 
tender. This dynamo is also used to provide 
current for other power-driven eqiiijiinent such as 
drills, smoke exhausters, etc., through a special 
switchboard. Provision is also frequently made 
either for tlie lamp itself to be plugged direct into 
the town’s electrical supply, or for connection to 
be made between this supply and the switch¬ 
board. 

Such high power searchlights may also be fitted 
^ lamp in place of tlie electric bulb. A 

rcgula/ emer'- of this type is illustrated in Fig. 12. 

gency tender. The body of this lamp is constructed of light 
.sheet steel, with fittings of gun-inetal and alu¬ 
minium. The tripod is constructed from telescopic steel tubing. A 
current of 25 amperes at 1(K) v. is required to operate the lamp, 
which has an effective range of 500 yards, and provides a light of 
6,0(X) to fi.OlX) candle-power, according to the angle of dispersion of 
the beam. 

Smaller searchlights, similar to motor-car headlights or spotlights, 
are also widely used ; a typical example being the searchlight 
mounted at the rear of a turntable ladder. These lights, being of 
smaller capacity, are usually operated direct from the accumulator 
normally carried on the appliance. They also may be mounted on a 
tripod and fitted with wandering leads to allow them to be moved 
al)out within a convenient range of the appliance. 

Tlie necessity for providing intense illumination on the scene of 
large fires has led to the local development of many extremely 
efficient and inexpensive floodlights, whicli, wliile not producing the 
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powerful and penetrating beam of a searclilight, give brilliant and 
sustained illumination over a wide area. 

A t 5 rpical example of this type of lamp is the " Cluster " lamp, 
used by one former brigade on its hreboats. This consists of a simple 
metal reflector, on which are mounted three ordinary electric light 
bulbs, the w^hole being protected by a wire cage. A handle is 
mounted on the back of the reflector by which the liglit is hung from 
any convenient object, current being supplied from accumulators 
carried on the fireboat. 

Dissolved Acetylene and Carbide Lamps. Before the introduction 
uf high-pow'ered electric seiu-cliliglits and floodlights, the intense 
illumination required on the scene of large tires was invariably 
provided by acetylene lamps, of the tyj)e frequently knowm as 
“ contractor's lamj)s." Although these have now largely been 
superseded by the electric lamj)s described above, dissolved acetyiene 
and carbide lamps of various types may still be found on ex-regular 
pumps, emergency tenders and similar appliances. 

Acetylene lamps fall into two categories. The first type consists 
of lamps supplied by cylinders of compressed acetylene gas , since 
highly compressed acetylene is extremely unstable and explosive, 
the gas is dissolved in a liquid in the cylinders (infinally acetone) 
which renders it safe. It is for this reason that arx'tylcne in cylinders 
is normally known as “ dissolved acetylene." The second ty[)e is 
supplied by acetylene gas made as required by allowing water to 
act on carbide. 

Dissolved acetylene lamps vary greatly in dimensions and design 
but are all constructed on the same basic principle, consisting usually 
of a cylinder or other container to wdiich is attached a iiietal pipe 
supplying a burner fitted wath a reflector. The cylinder contains a 
quantity of dissolved acetylene the supply of which is controlled 
by a main valve fitted on the head of tlie cylinder. There is usually 
also a small regulating cock at the rear of the burner to ailjust the 
jiressure of the .supj)ly. A typical lamp of this type contains 
00 cu. ft. of acetylene which is consumed at the rate of 6 cu. ft. per 
hour, thus giving ten hours burning. It gives a J0,0(Kj candle-power 
light. A smaller size contains 12 cii. ft. 

When possible, this type of lamjjshould be carried on the ap])liance 
with the container and burner, which are usually joined by .screw 
connections, detached. Before getting to work the joints must 
therefore be remade and it is essential tliat a gas-tiglit joint be 
effected ; this can be te.sted by smelling the joint after the main 
valve has been turned on. The regulating cock should then lie 
adjusted to give the minimum pressure necessary to dispel the smoke 
emitted from the flame. 

Dissolved acetylene lights have also been used with searchlight 
type reflectors. The range of these lamps, however, is considerably 
less than the electric type—a typical reflector gives an effective 
beam of 400 ft. when fitted with a single filament electric bulb, and 
only 200 ft. when fitted with an acetylene burner. 

Carbide lamps give similar results to the dissolved acetylene lamp 
described above, but, being an older pattern, usually produce a light 
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of less candle power. They nonnally consist of a cylindrical con¬ 
tainer which is filled with water, and in which is an inner compart¬ 
ment containing carbide of calcium. A burner and reflector similar 
to tliat fitted with the acetylene lamp are attached to the top or side 
of the container. 


Carbide lamps are carried on the appliances empty. When the 
lamp is required, the carbide container is filled to about one-third 
of it.s capacity, and the water container filled. The water should be 
replenished as necessary while the lamp is burning. 

Carbide lamps should be inspected periodically to ensure that both 
containers are perfectly clean and dry. The burner should be 
cleaned immediately after use by means of a very fine wire. If too 
large a wire is used, and if the burner is roughly handled, there is a 
danger of the hole being enlarged, when a .smoky flame will result. 
It is advisable to carry a spare burner, and this can conveniently be 
kept in one of the calcium carbide tins. 

No acetylene lamps are carried on emergency appliances. Many 
ex-regular brigades, however, use these lamps on account of the 
brilliant light they provide at a low cost. The principal defect of the 
carbide type is that it is liable to be extinguished in high winds or 
draughts. Various devices have been designed for automatically 
relighting burners but these are not entirely successful. 

Carbide lamps have an added disadvantage in that there is 
frequently delay in getting them to work, owang to the necessity for 
first charging the containers and then waiting until a sufficiency of 
acetylene gas has been produced. Prior to nationalisation, carbide 
lamps w'crc being rapidly replaced by electric searchlights and flood¬ 
lights, which, besides being more convenient 


and reliable in operation, gave a more pene- 
trating light. 

^ Oil Lximps. Although small oil lamps 

\ ^ are still used for such purposes as rear lights 
1 \ ll trailer pumps and other appliances not 

\ \Jl provided with a battery, the majority of the 

: "Y many lights of this type formerly carried on 

pi«ij Fire Service appliances have been suj^r- 

seded by electric and acetylene lights, the 
S I only survival of these early types ^ing the 

I r = still popular hurricane lamp. An incan- 

I descent type paraffin floodlight has, however, 
been produced which has achieved consider- 

^ ~-^ able popularity, particularly in rural areas, 

, on account of its economy and independence 

ol external power supply. 

conjunction with iHan" This floodlight (Fig. 13) consists of a 14-in. 
deicent min tie. chromium-plated reflector in a strong steel 

casing, mounted on a 6-pint circular oil 
container. The container is fitted with a pressure gauge, oil level 
indicator and a small force pump similar to those used on primus 
stoves. 


The light is operated in the same way as a paraffin stove by 
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working the pump until sufficient pressure is raised in the container 
to cause the oil to flow from a vaporiser which is mounted in the 
reflector, and is fitted with a removable mantle. 

A light of 5,000 mean reflected candle jxiwcr is given and tlie 
container holds a supply sufficient for forty continuous burning 
hours. The lamp is usually mounted on a small metal stand as 
shown in Fig. 13, but may also be mounted on a tripod, or a special 
turntable for fixing on an appliance. 

A few oil lamps of older pattern, such as the duck lamp or fog 
flare, may still occasionally be found on ex-regular appliances. 
These, however, have an academic interest only, as survivals of a 
now generally obsolete practice, and a description is not therefore 
included in this chapter. 

Hurricane lamps vary slightly in design, but the construction is 
the same in each case and has changed little in the past centu^>^ 
The lamp comprises a simple oil burner, the flame of which is 
protected by a glass funnel mounted on a circular base holding about 
a pint of paraffin oil (Fig. 10 (v)). A metal lid containing ventila¬ 
tion holes which permit the exit, but not the entry, of air is fitted on 
top of this funnel, thus providing a partially sealed compartment in 
wliich the light will continue to burn in the highest wind. 

Hurricane lamps are used for a variety of puqxjses, principally 
for marking hose ramps, hydrant pits and similar obstructions and 
for indicating the position of steel dams and other emergency whaler 
supplies when these are situated in public places. They also 
provide a valuable emergency lighting supply for stations and other 
purposes. 

Hurricane lamps should be stowed in an upright position, prefer¬ 
ably in a separate compartment. They should never; be stowed 
with hose, especially rubber lined hose, as any leakage of oil would 
result in damage to the hose. 

They should be cleaned, replenished and the wicks trimmed each 
time after use. 

Hurricane lamps are carried on all emergency Fire Service 
appliances. 

I. TURNING OVER TOOU 

Turning over tools are those used after an outbreak of fire has 
been subdued to break up and disperse the burning materials. The 
object of this operation is not only to enable water to reach any 
burning embers which may remain, but also to assist in extinguishing 
the fire by the principles of sub-division and cooling described in 
Chapter 2. 

Almost any tool can be used for turning over, such items of equip¬ 
ment as crowbars, axes, levers and ocher breaking in or cutting away 
tools having obvious applications. Apart from the fireman’s axe, 
tools which are primarily employed for turning over are the 
steel-shod wooden lever, ceiling hook, pick, mattock and spade. 

Celling Hook. The ceiling hook (Fig. 14) consists of a pole 
from 7 to 8 ft. long, having at the top a steel point with a spur at 
right angles, the point and spur being each about 4 ins. long. 
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This tool is of interest as being one of the few items of small gear 
which were primarily developed for Fire Service use. Its relationship 
to the boat-hook is, of course, obvious, but in its present form it is 
exclusively a Fire Service tool. 

The ceiling hook is now most commonly used to pierce a ceiling 
to allow water to escape and thus prevent water damage generally and 
the pos5il)le collapse of the ceiling itself due to the weight of water. 

The spur is used for pulling down ceilings which have partially 
fallen and are in a dangerous condition. The hook is driven up 
through the ceiling, and the spur twisted until a grip is obtained on 
any projecting laths. A sharp pull will then bring down a portion 
of the laths and plaster, and the operation is repeated until the 
ceiling is considered safe. Tlie same procedure may also be followed 
for pulling flown lath and plaster walls. 

The c eiling liook, owing to its length, is a general purpose tool of 
groat value. It is used for all turning over and pulling down from 
difficult or inaccessible positions, and for any job calling for a long 

reach with a rigid piece of equip- 

cuninq pdqp-_■ a a ox i i 

ment. A common example of 

. ' the latter is its use for operating 

a: ' the “fireman's switch” on liigh 

Fig. 14. Celling hook. voltage lighting apparatus, such 

as neon signs. These switches are 
iisvially located alinut H ft. from the ground to prevent interference 
by unnulljorise<l perstais. 

Owing to its length the ceiling hook is usually carried strapped 
alongside the escajie or otlicr ladder, or on the body of the appliance. 
Rf)utine iriaintcnance consists of periodic inspection and cleaning 
when necessary. 

At lea.st one ceiling hook will be found on almost all ex-regular 
and all emergency I'ire Service aj)pliaiices. 

Picks. Pick.s or mattocks are an essential item of turning-over 
gear. Ordinary commercial tools are used. 

A i)ick consists of a wooden shaft about 3 ft. long, having a 
crescent-shai)ed steel head about 2 ft. G ins. long, each end of which 
is dressed to a sharp point. 

A mat lock is a .similar tool having one end of the head pointed 
and the other spade .shaped. 

Picks and mattocks are used for turning over and general utility 
work, and will be found on virtually all Fire Service appliances. They 
need little maintenance other than routine inspection and cleaning. 

Spades. A general purfXJse tool calling for little description and 
principally used for clearing away debris to enable water to reach 
the seat of the fire or to ensure that all lieat is dissipated when 
turning over. It may also be used to make temp)orary dams when 
drawing water from .shallow rivers or streams. 

Routine maintenance consists of periodic inspection and cleaning 
as necessary. The scale of issue is the same as for mattocks. 

SteeZ-sfiod Wooden Lever. The steel-shod wooden lever consists 
of a straight wooden shaft about 2 ins. diameter, increasing to a 
square of about 3 ins. at one end to which is secured a heavy 
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metal fitting in the shape of a lever (Fig. 16). The lever is used for 

breaking open steel doors and 
other obstructions, the tip being 
inserted under the door and 
leverage exerted. It is also 
iiscil for lifting blocks of stone 
or concrete, heavy baulks of Pjg_ | 5 _ Steel-shod wooden lever, 
timber, and other material 

when turning over. It requires little maintenance other than 
periodical inspection and cleaning wlien necessary. 

Stock Drags. Various tools are employed in different localities 
to assist in pulling apart haystacks, tearing down thatched roofs, 
and similar rural or a,gricultural hazards. 

A tyjncal tool of tliis type is the stack drag. This consists of a 
fork w'hich has a hook set at right angles to the shaft. Tlie shaft, 
wiiich is usually about 12 ft. long, is sometimes made of metal to 
prevent it being damaged by fire. 

0. TRANSPORT TOOLS 

A sufficient tool kit to carry out routine maintenance and to deal 
with nuiinr roadside breakdowns should be carried on every Fire 
Si'rvicB vehicle. It is particularly important that a jack and wheel 
l)i ace sliDuld be carried, and that the spare wheel be kept in good 
condition. It .should not be necessary to detail the otlier tools, 
which should be familiar to every driver. A good basic kit might 
con.sist of grease-gun, screwdriver, shifting spanner, magneto 
.spanner, set spanners, plug spanner and tommy bar, ball peine 
hammer and a pair of pliers. 

Tool kits should be checked at regular intervals to ensure that all 
tools are intact and in good condition. Transjmrt tools should be 
stow'cd together in a small and not too accessible locker and should 
never be borrowed from an appliance without the driver first being 
informed. 

Other items of .small gear associated with the maintenance and 
operation of appliances are heater lamp.s, .skid chain.s and tow rojHJS. 

Heater Lamps. Heater lamps are very usually tunploycd with 
appliances which are not fitted with immersion heaters nr other 
automatic heating devices, unless they are garaged under cover, 
They are constructed on the same princijde as tlie miner’s safety 
lamp and comsist of an oil burner mounted on a metal base containing 
about a pint of paraffin surrounded by a gauze mesh screen to 
prevent the flame igniting any petrol vapour which may be present. 

Throughout the winter months heater lamps call for regular daily 
maintenance. A routine of inspection, cleaning and replenishment 
as required should be established, particular care being taken that 
the oil reservoirs are filled and wicks trimmed before dusk eatdi night. 

A notice should be prominently displayed on each appliance that 
a heater lamp is in use, to ensure that the lamp is removed before the 
engine is started. This is of equal imfxirtance in the case of such 
appliances as trailer pumps, since the lamp may fall out on the 
journey or the base become detached from the top and the part be lost. 




■HALL OIAII 


FART I 


During the summer months heater lamps should be emptied of 
paraffin, cleaned and put away in store, clearly marked with the 
number of the appliance to which they belong. 

Skid Chains. Skid chains are a necessary item of equipment in 
districts where heavy falls of snow are usual. In these areas they 
should be carried on all first-call appliances, and in other areas a 
small stock should be held for issue when necessary, as, for example, 
when reinforcement units are ordered into areas which are known 
to be snow bound. 

Two principal types of chain are in use. The most common 
consists of two circles of steel chain, joined at intervals by short 
lengths of chain, which are secured on either side of the tyre. The 
second type consists of short lengths of chain which are secured 
by means of straps round the tyre and wheel rim, four being 
usually fitted on each wheel. It is usual to fit skid chains on rear 
wheels only but for complete safety all four wheels should be fitted. 

Tow Ropes. All Fire Service appliances should carry a short 
length of strong rope, which can be made from the sound parts of 
condemned lowering or other stout line for use as a tow rope. The 
availability of such a rope will prevent the use of rescue or other 
lines for this purpose if an appliance becomes disabled. 

A number of the early trailer pumps were issued with two short 
lengths of stout rope fitted with a galvanised iron hook at one end. 
These ropes were intended to assist in manhandling the pump, and 
not for towing by another vehicle. Their use for this latter purpose, 
generally by clipping the hook round the axle of the vehicle, has 
already damaged a large proportion of these ropes, and should not 
be permitted. 

Later models of trailer pump have not been issued with these tow 
ropes, which cannot, therefore, be regarded as standard equipment. 

7. MISCELLANEOUS AND SPECIAL EQUIPMENT 

In addition to the various types of equipment described above 
there are several items of small gear carried on Fire Service 
appliances which are difficult to classify, but call for description as 
they are likely to be encountered on any appliance. Some of these 
items are widely used, others, although approved in principle, have 
at present only a restricted issue, and others are conned to certain 
areas. 

Canvas Buckets. Collapsible canvas buckets of capacities varying 
from 2 to 4 gallons are carried on the majority of Fire Service 
appliances. They have many uses, the principal of which is 
to supply water for stirrup or other hand pumps. Their great 
advantage is that they occupy a minimum amount of space and 
several of them can be stow^ compactly together in a very small 
locker. Canvas buckets should be thoroughly dried after use before 
being stowed away to prevent the formation of mildew. Much the 
same remarks apply to their care and maintenance as were made in 
the case of hose. 

At least one canvas bucket will be found on every Fire Service 
appliance. 

2H 
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fire Bats. A fire bat consists of a wooden or flexible shaft, 
approximately 3 to 4 ft. in length, at one end of which is secured a 
piece of reinforced canvas about IB 
ins. long and 9 ins. wide (Fig. 16). 
pire bats are used for beating out 
heath and grass fires and are carried 
on many appliances in rural districts. 

Many types will be found; numbers Fig. 16. Fire bat. 

of which have been made locally from 

old pieces of discarded hose. No fire bats are issued with emergency 
Mjjpjiances. 

Trolley Bus Short-drcultlng Gear. The trolley bus short-circuiting 
gear (Fig. 17) is a piece of specialised apparatus for use in towns in 




Fig. 17. Trolley bus short-circuiting gear, showing detail of construccion, how 
fitted to the trolley bus wires and the correct siting of sets of gear at a 
road Intersection. 

which trolley buses are extensively employed, to enable the Fire 
Service to cut off the current from the circuit when escapes or 
other ladders have to be used in the vicinity of the wires. 

The apparatus consists of :— 

(i) A shorting box comprising a 2-ft. iron bar having copper 
contacts inset in slots at each end which are protected by fibre- 
insulating blocks supported on springs. To enable safe contact to 
be made with live wires the bar is enclosed in a hard-wood insulat¬ 
ing case, which is fitted with slots at each end to guide the wires 
on to the copper contacts. 

The object of the spring-mounted fibre blocks is to allow the 
device to register correctly on the wires without making electrical 
contact. When the box is in position a small amount of force is 
applied which opens the springs and allows the wires to cormect with 
the copper contacts. 

(ii) Two 6-ft. bamboo poles, one of which screws into the 
shorting arm by means of a brass right-hand screw stud and which 
can be coimected together by a left-hand screw stud or in some 
cases by sliding brass sockets. 
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(iii) Two 6-it, rubber insulating strips and 

(iv) A device for threading these strips on to the trolley bu«- 

wires. 

To o{)crate this gear the top section of the pole is screwed into th 
shorting bar and the sections joined. The box is then raised betwee 
and above the two wires, turned, and lowered to form a bridge, 
the fibre protecting blocks resting on the wires. A sharp pull to eai 
side will then complete the contact, thus short-circuiting the wii* 

When the wires are shorted a circuit breaker in the electric 
sub-station supplying the circuit opens and cuts off the current. 

There is on the majority of these circuits, however, a device know 
as a re-close relay which comes into operation automatically wdit 
the circuit is broken and attempts to remake it. This dcvii 
operates tliree limes over a period of approximately five minutes ai 
then cuts out. It must not, therefore, be jissumed that the currc 
is off until at least five minutes after the circuit is broken. 

As an additional precaution the electrical sub-station suppl 5 nr 
the current should be informed as soon as possible. This is pari* 
cularly imix)rtant when only one set of shorting gear is available a ■ 
it is necessary to remove the box after shorting each line in turn. 

Appliances which carry the shorting geiir are usually provic 
with a key to the door on the feeder pillars which supply the curr 
to the line. A telephone will frequently be found behind this d 
with a chart giving instructions how to inform the electrical 
station that the line has been shorted. 

If no telephone is provided the address and telephone numb 
the sub-station will be found printed inside the door, and 
should be taken immediately to get in touch with the engii .n 
order to prevent him restoring the current over lines from 'v ich 
the shorting box has been removed. 

The folloA^ing points should be borne in mind when using the 
trolley bus shorting gear. 

(а) Even the 12-ft. pole will normally be insufficient to reach the 
overhead wires and it is therefore usually necessary to stand on a 
pump or other appliance. Care should be exercised when manctuvr- 
ing an appliance into position that any projecting part does not come 
into contact with the wires. 

(б) Trolley bus overhead wires are supplied with current by means 
of independent circuits fed from roadside pillars. These circuits are 
normally about half a mile in length. If one shorting box only is 
employed, although the current may be cut off on one circuit, 
another circuit may still be functioning in the vicinity of the fire. 
Two boxes should therefore be employed, one on each side of the fire. 

(c) The up and down trolley bus wires are frequently supplied by 
separate circuits and it is necessary, therefore, to short-circuit both 
these sets of wires to effect a completely safe break; four boxes 
should, therefore, be employed to achieve complete safety. 

(if) If the fire occurs near cross-roads or at the junction of several 
roads, the current may be supplied to any one point from a number 
of circuits. To ensure complete safety under these conditionsj 
shorting boxes should be used about 26 yards clown each road on 
MS 
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fciich trolley buses are used. The plan in Fig. 17 [top right) sho>vs 
*e positions of the boxe.s in such circumstances. 

(c) If a large number of boxes are required and only one is avail- 
’ie, the procedure should be to apply the shorting box within a few 
St of the tire and as soon as the circuit is broken thread on the 
Sber insulating strips to cover the area where ladders are most 
■'Jy to be employed. The box should then be removed and applied 
j^essively on each circuit, being left on each a suflicieiit time to 
’ 'fevent the re-close relay operating. 

Trolley bus .shorting gear calls for little maintenance other than 
riodic inspection and cleaning. All metal parts are of brass and 
i rust should therefore occur. 

The gear is not a standard item of cquij)ment but is carried on a 
"mber of ex-regular applianrxs and on all emergency e.scaix*- 
‘t)dng units in certain Regions. 

Aihestos Screens and Shields. Although asbestos is little used 
' the Sendee, its application to industrial firerightiiig has bexn 
le!y de\ eloiMxi. 

'\inong the items of equipment sold for use by industiial or 
.ban iire squads are asbestos face protectors, lire .shields and 
’*bile .screens. 

' \sbestos fire shields vary in .size from small squares of 2 ft. to 6 ft., 
'‘'^ may consist of simple square shields built up on a light metal 
ework, or of elaborate three-sided shelters lit ted with visors 
m aperture for the brancli. 

' *;'*bilc asbestos screens consist of large sheets of asl)estos cloth 
r *ed on a metal framework supjsorted on 
h( 'vheels. They arc used to sliield objects 
wh^*.^annot immediately be moved, such a.s 
lar^ fums of oil, from the effects of i adiant heat 
and lung s]>arks. 

Although not carried on Sendee appliances, 
many of these tyj:)es of asbestos equipment may 
be encountered in factories and other industrial 
buildings and their use should thereh)re be under¬ 
stood so that when found they may be employed 
to the best advantage. 

Chimney Rods. It has been explained in the 
Chapter on " Hand and Stirrup Pumps ** that the 
recognised method of dealing wdth chimney fires 
is by means of a hand pump, the nozzle of which 
is attached to chimney rods and pushed up the 
cliimney. The rods (Fig. 16) consist of a series 
of stout but flexible m^acca canes with screw 
joints at each end closely resembling a sweep's rods. The first 
cane, to which the nozzle is attached, is fitted with a small roller at 
the head to prevent it catching on any roughness in the interior of 
the chimney. After the firs t sec lion has been pushed up the chimney 
further canes are added as necessary to the required height. 

Medical First Aid Outfit. A first aid outfit should be carried 
cm every Fire Service appliance in order to provide urgent first aid 

aif 
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I chimney rod 

Fig. Id. Set of chim¬ 
ney rods. Note the 
roller on the first 
lection to prevent 
catching in the 
chimney. 
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treatment not only for the crew but for members of the pu 
may be found injured at fires. 

'fhe contents of these outfits vary widely on the e: 
ap))lianccs, being obtained in most cases by local pun 
required, but a standard issue has been laid down for the j 
metal first aid cases carried on all emergency appliancj 
consists of :— 


Item 


!>t 


ins. 

ins 


TriaiiKul.'ir banilLif^i's, Ilfi iii. base 
ii-in. jrjller baiul.igrs, 4 yils. 

Strrilisi^il ilressinps, S ins. X H ins. 

Meiliuin .sleriliHcM iln-ssiii^'.s. 4 ins. x 
^ oz. yva keis, ahsorbeni. lint, IS ins. 

2-oz. ]i.u:keLs, cullnn wddl 
Woorlcii spliiils, 11! ins. X 2^ ins. 

Piece, birch ilowcl. fi ins. X ^ in. 

4-rjz. bottle bicarboii.ile of snila 
1-oz. container 2 per cent , alcoholic soliilion 
Ampoules, .aromatic: ammonia 
Safety jiins .... 

Cotton web straps, 42 ins. X i in. 

Scissors ..... 


of iniliTi 


First aid kit should be examined at regular intervals 
individual items inspected for any signs of deteriorati 
contents .should be checked weekly and any deliciency in: 

Miscellaneous Tools. There are two items normally int 
the kit of transport tools which can with advantage be du 
the second one being carried in a more accessible positit th 
appliance. These are a medium-sized shifting spanner anu L pai 
of insulated pliers. 

A shifting spanner is often useful, a particular use being to tun 
off gas mains below the meters by means of the squared cocks 
This type of cock should be provided mth detachable handles, but 
these are often missing and a shifting spanner then becomes essentia) 
unless, as is sometimes the case, a key is carried on the appliance foi 
this purpose. 

A large pair of adequately insulated pliers is also of great assistance 
when working on electrical fires, and if available should be kept 
handy instead of being tucked away (and probably forgotten) in thi 
tool box. 

NOTE 

As was explained at the beginning of this diapter, the small geai 
carried on Fire Service appbances varies widely in each area, 
tliough usually on minor points. The items described above 
.should therefore be taken as representative of the different types 
of gear carried, and not as a comprehensive survey covering every 
individual piece of equipment. 

ISO 1'. 'irsi. Wi. MTl. K 20. 11/51. W.P. Lid. Qp. B 









A PAIR OF BLUE J7y£S 

freshened up a bit—whether 'tvjg„ see the 

getting away from home or Knight instantly 

perhaps, I may as well y j^g Lqj-j Luxellian, the 
that her home was no h^jg 

was bitter to her and^g jjg intruders. Knight 
Mrs. Swancourt was ^ silently withdrew as 

a sort of cold politen 

the little thing^^*’ jjg said, in a broken voice. 'We 
About a mopJo be there. Another stands before u.s 
and the t% than wc ! ’ 

side by side they retraced their steps down 
:he grey still valley to Castle Bolerel. 


THK END 
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